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OVERVIEW OF STATE OF HAWAII PUBLIC UTILIIES COMMISSION DECISION 
AND ORDER AND HECO'S PROPOSED FIT 

The Commission issued a the D&O governing this phase of the FiT docket. The D&O 
directed that the FiT rates support "a typical or average project that is reasonably cost-effective," 
D&O at 62, and thai the calculations include "project and generation cost information, energy 
production, and the target internal rale of return," Id. The D&O further instructed that the 
project costs should include, without limitation, "capital costs for generation equipment and 
transmission; initial development costs; fmancing costs; the ongoing costs associated with 
operating and maintaining the project; and applicable federal and State taxes or other incentives," 
D&O at 63. 

On January 7, 2010, Hawaiian Electric Company, Inc. ("HECO"), Hawaii Electric Light 
Company, Inc. ("HELCO") and Maui Electric Company, Limited ("MECO", and collectively 
with HECO and HELCO, the "HECO Companies") filed their suggested Tier 1 and Tier 2 
tariffs ("HECO FiT Filing"), including the following proposed documents: 

1. Schedule FiT Tariff - Tier 1 and Tier 2 - Oahu 
2. Schedule FiT Tariff- Tier 1 and Tier 2 - Hawaii 
3. Schedule FiT Tariff- Tier 1 and Tier 2 - Maui 
4. Schedule FiT Tariff- Tier 1 and Tier 2 - Molokai 
5. Schedule FiT Tariff- Tier 1 and Tier 2 - Lanai 
6. Schedule FiT Standard Agreement for Tier 1 and Tier 2 

Items 1-5 listed above shall be referred to collectively as the "Proposed Tariffs"; Item 6 shall be 
referred lo herein as the "Proposed Agreement". According to the HECO Companies' filing, 
the HECO Companies engaged Energy and Environmental Economics, Inc. ("E3") to assist in 
the development of the Proposed Tariffs. E3 relied upon the Black and Veatch levelized cost of 
energy ("LCOE") model, available at htip://wAv\v.energv.ca.gov/reti/dQcuments/index.html (the 
"LCOE Model"), with adjustments for Hawaii State tax credits, insurance, land costs, excise 
taxes, product degradation and tax rates, in developing the Proposed Tariffs, HECO FiT Filing at 
6. 

The Company has reviewed the Proposed Tariffs and the Proposed Agreement and 
respectfully offers the following comments for the Commission's consideration. The Company 
is in the business of concentrating solar thermal power, and thus limits its comments to CSP-
specific and universal items. As such, the Company's comments do not take into account other 
strains of concentrating solar technologies such as concentrating photovoltaic (CPV) 
technologies, or photovoltaic, wind or in-line hydro technology specific issues. 





With respect to the Proposed Tariffs, the Company utilized the LCOE Model, with 
adjustments identical lo those listed by the HECO Companies in the HECO FiT Filing, to 
generate Tier 1 (20kW) and Tier 2 (500kW) scenarios (the "Company's LCOE Models"), 
attached at Attachment 1. for the Commission's consideration. These scenarios reflect a 
$362.43 LCOE for Tier 1 projects and a $440.09 LCOE for Tier 2 projects. Note, the resulting 
LCOE for Tier 1 projects is significantly lower than for Tier 2 projects primarily due to the 
assumption that Tier 1 projects will require no land (and thus have no land-related costs). The 
Company based these scenarios upon its proposed inputs, as are further discussed hereinbelow. 

COMMENTS ON PROPOSED FIT TARIFFS 

First, it is important to note that CSP technology is typically deployed in dry arid 
locations for large-scale solar facilities (e.g. 50 MW and up). While CSP technology is not 
technically limited to any particular range of project sizes, as a practical matter, power project 
sizes are subjeci to the availability of commercially-ready power engines. In addition, solar 
collector requirements are a factor of power engine input specifications and efficiencies. Since 
the smaller commercially-ready power engines are generally less efficient, as projects scale-
down, more solar thermal collectors are required per kW thiis increasing the overall installed 
project cosl. As a result, due to the expense of installation infrastructure (which is required for a 
small 20 kW and a 500 kW) and the cost and efficiencies of smaJler-sized power engines, CSP 
projects do not scale-down linearly, resulting in higher overall costs of energy at these smaller 
project levels relative to certain competing technologies. 

1) Technology Assumptions 

a) Capacity Factor 

In developing its rates, the HECO Companies and E3 assumed a capacity factor for CSP 
technologies of 23-27% and utilized a 21% capacity factor for trough technology. The actual 
estimated capacity factor for CSP technologies in the State of Hawaii falls between 15-17%, 
assuming the facility has no storage component. 

CSP technologies require direct normal irradiation ("DM") - i.e. direct sun - lo operate. 
Therefore, unlike photovoltaic technology, when there is cloud cover (lasting or intermittent), 
rain, air particles (such as volcanic fog (VOG)), or other fixed or passing interruptions, CSP 
systems will fail to produce al any level. A potential explanation for the lower expected capacily 
factor range in the State of Hawaii than was reflected in the LCOE Model assumptions is that the 
data used to generate the assumptions and LCOE Model was derived from large-scale CSP 
projects. These projects are typically deployed al high altitudes and in arid, dry desert climates. 
One oflhe primary reasons for deployment in these types of locations is to minimize DNI 





disturbances (another being low land cost). These locations experience a greater percentage of 
clear, hot and sunny days without intermittenror lasting DNI disturbances. Further, the summer 
days in a multitude (if not all) of these locations, such as California and Nevada, are significantly 
longer than those in the State of Hawaii. 

An analysis comparing a 1 MW CSP facility located in Arizona with the same 1MW CSP 
facility located on the Island of Oahu demonstrates a capacity factor contrast between 23% (for 
the Arizona) and 16.9% (for the Island of Oahu). In 2006, Sandia National Laboratories and 
National Renewable Energy Laboratory ("NREL") co-authored a Study of the IMW Saguaro 
Solar Trough Plant located in Arizona ("Saguaro Study"), attached hereto as Attachment 2. 
According lo the Saguaro Study, the IMW Saguaro Solar Trough Plant has a capacity factor of 
23% = 2,000 MWh (IMW * 8760h), Saguaro Study at 4, fn. 5. The DNI for Phoenix Arizona is 
2.5 MWh/m^ and the efficiency of the facility is 7.8%, Saguaro Study at 4, fn. 4 & 5. If all the 
metrics for the plant are kept constant, except for the DNI for the Island of Oahu, a 7.1% 
capacity factor differential results. The DNI for the Honolulu International Airport, taken from 
NREL, is 1 .S5 MWh/ m^(as compared to 2,5 MWh/m^ for Phoenix Arizona). When multiplied 
by the Saguaro facilily efficiency rate of 7.8%, the resulting plant output is 1,486 MWh. When 
the output is divided by the number of hours per year (1,486 MWh/lMW • 8760h), the resulting 
capacity factor for the Oahu location is 16.9%. 

Additionally, in 1992, Kearney & Associates prepared a Final Report for the State of 
Hawaii Department of Business, Economic Development & Tourism, titled "Solar Electric 
Generating System (SEGS) Assessment for Hawaii" ("SEGS Report"), attached as Attachment 
3, studying the viability of CSP facilities in Hawaii. According to the SEGS Report, a SEGS 
facility "on Oahu might be expected to be about 60% oflhe performance of an identical plan in 
Southern California," SEGS Report at ES-6 and 111-20, resulting in a capacity factor of 15.4% 
(without supplemental firing), Id. These findings are consistent with the applicable capacity 
factor range for the Island of Oahu discussed above. 

Since CSP projects located in the State of Hawaii will experience much lower capacity 
factors due lo Hawaii's imique weather and day length, the capacity factor (and resulting facility 
production) must be adjusted downward to 15-17%. CSP systems with storage may experience a 
slightly higher capacity factor of approximately 18%, bul storage was not included in projects 
subject to the initial Schedule FiT. As shown in Attachment 4, an adjustment of just the 
capacity factor from 21% lo 16% to bring it in line with the actual DNI for the Island of Oahu 
results in a significant increase to the LCOE. 

b) Capital Cost 





The HECO Companies and E3 estimated the installed cost for CSP projects to be 
between $8,500 and $10,600 per kW for a Tier 1 system and between $7,400 and $10,500 per 
kW for a Tier 2 system. 

Although the Company believes these ranges lo be low and not properly scaled-down 
from costs associated with larger projects in light of sizing rules of thumb, see, e.g. SEGS 
Report at pp. ES-7 & III-14, the Company input $10,600/kW in its Tier 1 Company LCOE 
Model and $6,150/kW in its Tier 2 Company LCOE Model. 

2) Operation and Maintenance 

a) Fixed Operaiion and Maintenance 

All CSP facilities will require both fixed and period operation and maintenance costs 
("O&M"). The Company estimates the fixed O&M costs for CSP technologies to be 
approximately $584 or ($29/kW) a year for a Tier 1 facility and $ $45,707 ($91/kW) for a Tier 2 
facilit>'. O&M costs for CSP projects are typically higher dian competing photovoltaic 
technology O&M costs due to the fact that CSP installations have more moving parts, such as 
those associated with a tracking system, pumps, cooling tower, and the power block. A further 
breakdown of these fixed O&M costs, including an example of power block maintenance costs, 
is attached as Attachment 5. Most CSP facilities will also require a certain level of "man-
hours", whether this is in the form of a hourly or salaried employee or a third-party contractor. It 
is unclear how the HECO Companies estimated its O&M costs, but if they are based upon 
scaled-down costs from traditional CSP project numbers, it is of further note thai the smaller 
CSP projects carmot take advantage oflhe same economies of scale. 

While the Company cannot address variable O&M costs for ail CSP technologies, the 
Company estimates the variable O&M costs lo be approximately five percent (5%) of the capital 
cost of the facility, or $24/MWh for Tier 1 facilities and $11/MWh for Tier 2 facilities. These 
costs may vary, however, depending upon whether the facility is driven by traditional larger-
scale CSP technologies or smaller-scale technologies.' 

Traditional CSP collectors generally utilize fragile mirrors as their reflective surface. In 
contrast, the reflective surface often utilized in scaled-down CSP collectors is highly-polished 
aluminum or an alternative reflective film laminated onto a base substrate. The substrate 
difference is due, at least in part, to the variable conditions faced by scaled-down CSP collectors 
(which are deployed in or around urban centers for distributed generation or direct customer 
utilization and thus experience more severe weather and other conditions) and the resulting 

^ Larger-scale (>50MW) CSP developers may noi seek to deploy projects in Hawaii due to real property 
requirements and Hawaii's unique land premiums and other factors. 





durability required. To the Company's knowledge, the longest warranted life of commercial-
ready reflective substrates is lO-years. In fact, many suppliers warrant their product for shorter 
lengths of time or do not offer warranties at ail. Depending upon the substrate utilized by the 
CSP technology in question, O&M manuals may recommend replacement of the reflective 
surface of respective collector every 5-10 years and warranties will be voided if customers do not 
comply with O&M manuals. In addition to the reflective surface, there are additional collector 
components which generally have stated and/or warranted lives of ten-years. These may include, 
but are not limited to, pumps, flow meters and valves, which are common to CSP configurations. 

The Company reflects a 3% per year escalator in its O&M costs. This escalator is based 
upon the consumer price index included in Attachment 5. 

b) Land Cost 

Technically, CSP systems can be roof- or ground- mounted. For reference, a 20kw 
system requires approximately 11,500 square feet; a 100 kw syslem requires approximately 
57,525 sq. feet, and a 500 kw system requires approximately 4 acres. Given these space 
requirements, it is plausible to construct roof-mounted Tier 1 systems. As such, the Company is 
comfortable with a lower land cost for Tier I systems. There may be lease expenses for rooftop 
space, but since there is no established rooftop rental market, the Company offers no additional 
information and welcomes input from other parties. 

On the other hand, the majority, if not all, of Tier 2 systems will be ground mounted due 
to the footprint sizes of these systems. Therefore, the Company believes that the land cost 
estimated in the LCOE Model is greatly understated with respect to Tier 2 systems and does not 
take into accoimt land lease costs (as opposed to improvement roof space). 

Land costs vary depending on the location and the market value oflhe land, thus it is 
difficult to propose a certain assumption. According to industry professionals, lease rates are 
typically calculated as a percentage oflhe market value oflhe land ensuring an adequate retum 
to the land owner. According to the agricultural land survey, attached at Attachment 6. 
prepared by Colliers Monroe Friedlander, Inc., According to a large land developer, the general 
guideline used in Hawaii is the average price per sq ft per month for an appropriate agricultural-
zoned parcel is $0.33. In addition, Hawaii leases typically escalate in a step-fashion over time. 
According to realtors, market escalation rates are at 8% after the first 10-years of a lease term, 
and every 5-year period thereafter. While solar installations are also appropriate for commercial-
zone property, these parcels are quoted at significantly higher rates. The Company included a 
land cost of $5J,227 per year in its Tier 2 scenario. Note, this cost is still significantly below the 
market average, and includes not escalator in the model. 

On a related nole, while the D&O instructed the parties to focus on "typical projects on 
Oahu," D&O at 79, the Company encourages the Commission to take real property taxes, which 





are likely assessable (in the absence of an exemption) on nearly all renewable energy 
installations as "improvements" to real property, into account. The City and County of 
Honolulu is the only county, to date, in the State of Hawaii to have enacted a real property tax 
exemption for "alternative energy improvements", Revised Ordinances of Honolulu 1990, as 
amended, Seclion S-IO. 15. The real property tax rales for the other counties vary depending 
upon the county and zoning of the parcel in question and are attached as Attachment 7 (effective 
for fiscal year July 1, 2008 to Jime 30, 2009). These are subject lo change. This recurring 
charge would be significant, however, and depending upon the applicable LCOE, could 
constitute as much as a 10-20%. "surcharge" on the cost of energy. Until an exemption is in 
place for all the counties, the Hawaii, Maui and Kauai county rates should include these 
additional taxes as they will be a substantial recurring expense. The final proposed rates could 
include a caveat, however, in the case that any or all of Hawaii, Maui and/or Kauai counties 
enact RPT exempfions like Honolulu. 

3) Financial and Economic Assumptions 

a) Debt Percentage 

The HECO Companies and E3 assumed a project finance debt percentage of thirty-five 
percent (35%). In reality, it is unclear whether CSP developers would currently quality for this 
level of debl. In general, developers will only qualify for debt (at least for the larger-scale 
projects) when they are able to substantiate output, reliability and longevity of former 
developments. There may not be many Hawaii developers meeting these criteria for Tier 2 
projects due to the low number of Tier 2 sized installations in Hawaii. Assuming a CSP 
developer is able to substantiate these qualities, however, lenders will generally only extend as 
much as a project can cover. This determination is often made via the Debt-Service Coverage 
Ratio (DSCR), which is a ratio equal to the operating income divided by the lotal debt service. 
By way of reference, large (>50 MW) mainland solar thermal projects might be able to expect 
DSCRs of 1.2 to 1.6. Given the uniqueness of projects located in Hawaii, perceived risks of 
installing in Hawaii, and the size of projects as limited by FiT, Hawaii CSP developers might 
expect a higher DSCR of approximately 2.0, which results in a 20% debt percentage. 

As there is no certainty to this debate, however. The Company's included the HECO 
Companies' 35% figure in the Company's LCOE Models. 

b) Cost of Debt and Cost of Equity 

The Proposed Tariff is based upon a nine percent (9%) cost of debt, an eleven percent 
(11%) cost of equity and a discount rate of nine percent (9%). The Company generally agrees 
with 9% cosl of debt, but feels the cost of equity merits adjustment. 





Prior to the economic crisis the United Stales economy experienced during the larger part 
of 2009, industry comps for very low risk renewable project "tax equity" investments generally 
projected 6-8% level of retum. For very low risk non- "tax equity" investments, retums were 
projected to be between 10-15%, with some deals projecting retums as high as 25%. The 
investment climate has chilled a bit, however, due to the recent economic events. Further, "tax 
equity" investors are becoming more difficult to idenfify due to the level of early investing. 
Finally, any party who has attempted to attract capital investment from outside the State of 
Hawaii has been faced with the higher perceived risks associated with locating business in 
Hawaii, especially due to recent Hawaii judicial and legislative events such as the Superferry 
case and SB 199, enacted during the 2009 Legislative Session. As such, the Company feels that 
in order to attract private capital, a 15% cost of equity figure is more appropriate. As numerous 
other parties will likely raise this same issue and no agreement has been reached as lo the 
appropriate cost of equity, the Company's LCOE Models continue lo reflect the 11% cost of 
equity figure. 

c) Discount Rate 

The Proposed Tariff is based upon a discount rate of 9%, which may require adjusting 
given the assumed cost of equity and cost of debt. The discounl rate, which is also referred to as 
the Weighted Average Cost of Capital (WACC), should be a blend oflhe assumed cost of equity 
and cost of debt. In this case, the assumed cost of debt is 9% and the assumed cost of equity is 
argued to be between 11 % (as assitmed by HECO) and 15% (as proposed by the Company). As 
such, the resulting discount rate should be higher than 9% as it should reflect both the 9% cosl of 
debt number and the 11-15% cost of equity number. 

4) Incentives 

a) State of Hawaii Renewable Energv Investment Tax Credit 

Hawaii Revised Statutes Section ("HRS") §235-12.5, establishes the Hawaii Renewable 
Energy Tax Credit ("HI RETC"), equal to a 35% of the cost of a "solar energy system", subject 
to a $500,000 cap on the HI RETC for commercial "solar energy systems". Per HRS § 235-12.5, 
solar energy syslem holders may instead opt to reduce the credit amount by 30% (resulting in 
24.5% of the cost of a "solar energy system") and claim a tax refund instead. 

The State of Hawaii Department of Taxation ("DOT") issued Tax Information Release 
("TIR") No. 2007-02 to clarify that with respect to photovoltaic installations, each installation 
composed of photovoltaic panels or arrays and an inverter constitutes a separate and independent 
"system" for purposes of the HI RETC. In other words, "systems" are counted by inverters. 





This TIR allows photovoltaic developers and installers to design systems such that they may 
maximize to HI RETC benefit to be a full 35% of the entire system. 

In contrast, the DOT has issued no formal guidance to the CSP industry with respect to 
what constitutes a "system" for purposes of the HI RETC. CSP installations do not utilize 
inverters (with the possible excepfion of CPV) and, therefore, clear guidance cannot be derived 
fi'om TIR No. 2007-02. As a result, until the DOT issues further clear guidance or comfort, the 
parties must assume that each CSP solar facility constimtes one "system" for purposes of the HI 
RETC and is thus subjeci to the $500,000 cap. Therefore, the HI RETC benefii amounts 
reflected in the LCOE Model must be fixed at $500,000 in those scenarios where thirty-five 
percent (35%) oflhe eligible cost of the project equals or exceeds $500,000. 

The cap will likely be inapplicable to most, if not all. Tier 1 projects as the HI RETC 
amount for these projects will be lower than the $500,000 cap amount. On the other hand, the 
cap will affect Tier 2 projects as the HI RETC amount for most of these projects will exceed the 
$500,000 cap figure. 

The method used by the HECO Companies in accounting for the HI RETC, as applied to 
Tier 2 projects, is unclear from the HECO FiT Filing, so the Company cannot comment as lo 
whether the HI R£TC benefit was properly calculated. As the method of applying the HI RETC 
to Tier 2 projects has a significant impact upon the resulting LCOE, however, the Company 
wishes to emphasize its proper applicafion. Until the State of Hawaii Department of Taxation 
issues formal public guidance upon which the entire CSP industry may rely, such as an 
Administrafive Rule or a Tax Information Release (as opposed to private mlings issued lo private 
parties for specific technologies and/or circumstances), allowing CSP "systems" to be defined 
other than by entire project or facility, developers and investors must assume each facility 
constitutes a single syslem "system", regardless of size and cost. Accordingly, the HI RETC 
benefit that may be claimed by facility invesiorswill be capped at $500,000. 

Additionally, the Company urges the Commission to consider the difficulty of obtaining 
equity financing only from investors with Hawaii state tax liability, specifically for Tier 2 
projects. In most cases. Tier 1 projects may installed on local residences and business, and thus 
will likely be financed by residential and commercial owners with sufficient Hawaii state income 
tax liabilifies to that the HI RETC in the form oflhe 35% tax credit. In contrast, developers of 
Tier 2 projects will likely need to look lo a mix of investors for equity financing due to the 
limited pool of investors in Hawaii and the availability of capital dedicated by mainland 
institutional investors for renewable energy projects. As a result, these projects may be financed 
by many investors who have little to no Hawaii state income lax liability. Farther, it may not be 
possible to structure deals to optimize the HI RETC in cases where there are investors with no 
Hawaii state tax liability because there is no pass-thru mechanism (such as allowed in the State 
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of Oregon) and it is contrary to the basic tenants of tax law to "shift" or re-allocate lax credits 
without a purpose of economic substance. As such, non-Hawaii tax motivated investors in larger 
projects will monotize the HI RETC through the tax refund rather than the lax credil. The 
reduction in the HI RETC benefit amount should be reflected in the FiT Tariffs. Otherwise, the 
pool of investors available to developers for these projects will limited to investors with 
significant Hawaii income tax liabilities, and thus insufficient to accomplish the objecfives oflhe 
FiT program of increasing the number of renewable energy installations in Hawaii. 

Finally, the Company wishes to highlight the taxability oflhe refimdable tax credit to the 
Commission to ensure the benefit is properly calculated. As the HECO Companies' workpapers 
are not available, il is unclear whether the refund benefit was properly reduced lo account for 
taxes. If the HI RETC is taken as a refund instead of a credil, it is taxable to the taxpayer as 
"income," at the applicable tax rates. Therefore, the actual net effective benefit of the HI RETC 
in refundable form is significantly lower than its nameplate. For example, with respect to a solar 
system, the effective benefii is approximately 13.97% (assuming an approximate 38% federal tax 
rate and 8% state tax rate) instead of its advertised 24.5% (35% reduced by 30%). Note, this 
assumes the entire project qualifies for the HI RETC despite the HI RETC caps. The resulting 
effective benefit is even lower than 13.97% for projects involving commercial systems which 
cost in excess of $500,000. This reduced benefit should be accounted for in the LCOE Model as 
it reflects the current reality of project financing. 

5) Other 

a) Eligibiliiv. The Proposed Tariffs, Section B, provide that "Except with the 
written consent oflhe Company, which consent shall not be unreasonably withheld, each 
physical address ... may not have more than one Facility." The Company suggests addition of a 
timefi-ame, such as fourteen (14) days, within which the Company must give or deny consent 
such that developers may continue, revise or abandon their development efforts without 
potentially severe consequences due to delay and uncertainty. 

b) Seller Participation. The Proposed Tariffs, Section C, establishes a queue process 
for the FiT Program. The Company suggests that occupation oflhe queue and expected date on 
which the queue limit will be reached be made publicly available in a nmely manner to allow 
developers properiy plan and time their efforts, as there is expense associated with initial 
developmeni efforts. 

c) Interconnection. Both the Proposed Tariffs and Proposed Agreement appear lo 
contemplate that the facilily developer or owner will be responsible for intercormection facilily 
costs, as well as any costs incurred in operafing, maintaining or testing Interconnecfion Facilities. 
The Company is unable to fully corrunenl on this item because the estimated procedure for and 





costs of interconnecfion have not been determined. If these are, in fact, at Seller's expense, then 
they costs must be included in the Fit Tariff calculaUons. 

d) Purchase of Renewable Energy Delivered bv Seller to Companv. The Proposed 
Tariffs, Section G, sets forth altemative rale schedules based upon whether the HI RETC benefit 
is the full 35% or the lower refund amount. Subsection (2) provides that the altemative rates 
which take the refund into consideration will only be available if "the Seller provides written 
documentafion at the fime of application under this Schedule FIT that the Seller will elect the tax 
credit refund provision for the [HI RETC] ... and prior to the Commercial Operafion Date 
provides a copy of the acmal tax filing to the Sate [sic] Department of Taxation docimienting this 
election." This requirement does not comprehend the nature oflhe HI RETC and must be 
revised. First, it is industry standard that the developer of a ufility-scale project is the inifial 
financier and owner of the facility. The ultimate facility ovmer or owners who will claim the HI 
RETC typically do not make their investment(s) until just prior to the Commercial Operation 
Date, and further, may not know whether they will claim the credit or refund imtil they know 
their actual Hawaii tax JjabiJity (if any) for ihe year the facility goes "in service". Moreover, ii is 
possible (and very common) that not all oflhe ulfimate owners will be identified at the fime a 
FiT application is submitted, as the final financings roimds and/or final financing negofiafions 
commonly occur after this preliminary point in a project development life-cycle. 

In addition, the requirement that the Seller submit tax filings prior to the Commercial 
Operation Date set forth in subsection (2) misunderstands the HI RETC. A taxpayer is not 
emitled lo a HI RETC benefit until the cortesponding facility has been placed "in service" 
(which, for purposes of the FiT, is the "Commercial Operation Date"). The Federal Investment 
Tax Credit set forth in Section 48 of the Internal Revenue Code of 1986, as amended ("IRC"), 
and the Modified Accelerated Cost Recovery Syslem set forth in Secfion 168 of the IRC, are 
similarly triggered by the "in service" event. Assuming a facilily goes "in service," taxpayers 
claiming the HI RETC in connection with such facility will do so on the tax retums for the year 
in which the facility as placed "in service", which are may not due, for example, until the 
following April or October. As such, there will be no lax filings to submit on the "Commercial 
Operation Date" because a taxpayer would not be entitled to claim the HI RETC until that date. 
There would also be no tax filings to submit on the "Commercial Operation Dale" because the 
credit or refund will be claimed on a tax retum which has not yet been prepared and won't be 
due for a period of time. 

An altemative might be to require submission of a statement, on a pre-determined form, 
by ail owners of a faci/ify that they intend to claim the HI RETC benefit either as a credit or a 
refund. This form could be completed and collected by the developer or lead owner in 
connection with other financing documents and submitted on the "Corrunercial Operation Dale" 
(as all the owners will be determined and known). It would sfill be possible that owners would 
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change their claim once they learn their exact Hawaii stale income tax liability, so there might be 
an amendment procedure with a deadline following typical tax retiim deadline dales. 

e) The Commission should also consider that equity financing for larger projects 
may not come from investors who all have sufficient Hawaii state income tax liability and will 
take the 35% credit or who all do not and will take the refund. In reality, there will likely be a 
mix of investors. One solufion is to do a blended-FiT based upon the percentages of credit 
claimers and refund claimers. This rate could be finalized upon submission of the forms 
suggested above. In such case, the FiT objectives of a "reasonable retum" would be 
accomplished, and it will be for developers and investors to negotiate how the facility profits and 
losses will flow lo the various investors. 

f) Purchase of Renewable Energy Delivered bv Seller to Company. The Company 
would prefer if the Schedule FiT contained an explicit procedure in the event any of the crifical 
incentives should be modified, amended or repealed. These incentives include, without 
limitation, the Federal Renewable Energy Investment Tax Credit, the Federal Modified 
Accelerated Cost Recovery System and the Hawaii Renewable Energy Investment Tax Credit. 

g) Allowed Proiect Timeframe & Schedule FiT Reservation Fee. The Allowed 
Project Timeframe section oflhe Proposed Tariffs provide that "[s]hould a Facilily fail to meet 
the allowed project development timeframe, the Schedule FIT Agreement will be terminated and 
any fees and security deposits paid to the Company by Seller will be forfeited." Similarly, the 
Schedule FIT Reservation Fee section oflhe Proposed Tariffs provides that the reservation fee 
will only be refunded upon "successful startup of the Facility within the allowed project 
development fimeframe." The Company disagrees with the automatic nature of this language 
because delays in a project development timeframe may be due to factors outside a Seller's 
control, such as discovery of Nafive Hawaiian burials and permitting issues. The procedure for 
requesting extensions are undetermined at this point, so the Company is not able to sufficiently 
comment in that regard. 

h) Applicafion Fee and Service Charge. The Proposed Tariffs proposes these two 
expenses, one of which is recurring. Again, as the HECO Companies' workpapers are not 
available, it is unclear whether these were included in calculafions oflhe Proposed Tariffs. If 
these are not included, they should be reflected in the resulting LCOE. 

i) Reservation Fee and Security Deposit. It is unclear why both the reservation fee 
and security deposit are necessary. Unless there are clear reasons why both are required, the 
Company suggests a single fee or deposit. 

j) Periodic Review. The D&O directed periodic reviews of the Schedule FiT. This 
requirement should be reflected in the Schedule FiT with language such as: 
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The Commission shall direct a review of this Schedule two (2) years after this Schedule 
takes effect. The Commission shall conduct periodic reviews of this Schedule every 
three (3) years thereafter. The re-examination may focus upon FiT rales, eligible 
technologies, project sizes, queuing and interconnection procedures, curtailment 
compensation, non-rate terms and conditions and any other relevant matters. Between re­
examinations, parties may petition for rate adjustments, but only under limited 
circumstances. The Commission will not, however, consider amending FiT eligibility, 
caps, or non-rate terms and condifions between reexaminations. Notwith stand ing, the 
rates set forth in this Schedule are based upon the following assumed benefits, as in effect 
on the date this Schedule take effect: Federal Investment Tax Credil set forth in Section 
48 of the Intemal Revenue Code of 1986, as amended ("IRC"), the Modified Accelerated 
Cost Recovery System set forth in Secfion 168 of the IRC, and the Hawaii Renewable 
Energy Credil set forth in HRS Section 235-12.5. In the event any oflhe foregoing 
incentives are discontinued, modified, amended or reduced, such shall be sufficient cause 
for a party to petition for a FiT rate adjustment. 

HECO's Proposed Schedule FiT Agreement 

a) Term The Proposed Agreement, Section 9, provides that "[u]pon the expiration 
of the FIT Term, Seller shall offer to sell its electric energy to the Company on an annual basis at 
the modified FIT electric energy payment rate to be determined and approved by the 
Commission" (emphasis added). The Company believes a Seller should have the opfion of 
offering to continue selling electricity to HECO under a modified FIT, but should not be 
obligated to do so. As such, "shall" should be revised to "may." Sellers will likely structure 
projects around the 20-year FiT term, such as entering into 20-year licenses, leases or easements 
and 20-year operation and maintenance agreements, negotiating for 20-year warranties etc. As 
such, requiring Sellers to confinue sales of electricity beyond the stated 20-year period and 
leaving the purchase to HECO's discrefion, could impose undue and impredictable hardship 
upon Sellers. 

b) Facilitv Development Milestones. The Proposed .Agreement, Seclion 11, provides 
that if the "Commercial Operation Date is not reached within the time period established by the 
Commission, the reservafion fee and security deposits will be forfeited by the Seller to the 
Company and die Company may terminate this Agreemeni." As discussed above, the Company 
disagrees with this type of mechanism because delays in a project development timeframe may 
be due to factors outside a Seller's control, such as discovery of Nafive Hawaiian burials and 
delay by administrative agencies (such as permitting offices). Until there are clear and 
enforceable procedures put into place, either legislatively or administratively, to expedite 
renewable energy projects, such as mandated permit processing timeframes, this type of penalty 
is unduly burdensome upon Sellers and may punish them for events outside their control. 
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c) Financial Compliance. The Proposed Agreement, Section 14, requires Sellers to 
provide certain informafion lo enable any or all of the HECO Companies or Hawaiian Electric 
Industries, Inc. to comply with various reporting and regulatory requirements. As these are 
unpredictable and for the benefit oflhe HECO Companies and/or Hawaiian Elecnic Industries, 
Inc., this compliance should be at the respective HECO Company's and/or Hawaiian Electric 
Industries, Inc.'s expense. 

d) Force Majeure. Section 17 of the Proposed Agreement defines "Force Majeure" 
for purposes of the Proposed Agreement. Given the delays often associated with discoveries of 
Native Hawaiian bones and/or burials and the processes mandated in the event of such 
discoveries, the Company believes such should be included as a clear "force majeure" event for 
which a Seller will not be faulted. Further, upon the occurrence of a "Force Majeure" event, all 
otherwise non-refundable fees and deposits should be relumed. 

The Company respectfully submits the forgoing comments for the Commission's 
consideration. The Company believes that the Proposed Tariffs will not accelerate and 
incentivize the development of renewable energy facilities in the Stale of Hawaii and urges the 
Commission lo make appropriate adjustments to the Proposed Tariffs to accomplish this 
objecfive. 
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Attachment 1 

Cost of Generation Calculator 
Al inpuu •!• n Mm 

C S P P r o i e c t s - C O M M E R C I A L ( c o r p o r a t e ) 

Technology A M u n p t t o m ' 
Profecl Capaaty (MW) 
Capital Cost ($/kW) 
Fixed OAM ($/kW) 
Fixed O&M Escalation 
Vanabte O&M (S/MWh) 
VariaUe O&M Escalation 

Insurance (% CapEx/year) 
Fuel Co»t ($/MBtu) 

Fuel Cosl Escalation 
Land (Vyear) 
Heat Plate (Btu/kWh) 

'^.^•':-:--r^P:-iM''.^ ..'(.^.-», ^ y ^ - „ j v i | 

Pfoducbon Degradation (%/year] 

Capaaty Factoi 

0 02 
S10,600 

S27 
3.0% 

S24 
0 0% 

0.70% 
SO 

0.0% 

so 
0 

0.00% 
16% 

FlninclaVEconoinle A s u m p d o r a v 

Debl Percentage 
Debt Rate 
Debl Term (years) 
Economic Lite (years) 
Depreaation Term (years) 
Percent Depreaaied 

Cost of Generation Escalation 

Federal Tax Rate (marginal) 
State Tax Rote (effective) 
State Exase Tax Rata (wt io leu 
Cosl of Equiiy 
Discount Rate 

• - - - " - "^^E.^ 

35% 
9% 
20 
20 

5 
100% 
0.0% 

35% 

6.015% 
0.5% 
t 1 % 
9% 

tnc*ir t l¥*s' . ;^ i ' . , -

PTC ($/MWh) 
PTC Escalation 
PTC Term (years) 
ITC 
Slate Tax Credn 

No ol Systems (inverters) 

• c W . t i t l l ' - * •u i 

io 
0 0% 

0 
30% 
35% 

1 

•:.. Cap " t 

S &0O.OO0 

NPV lor Equity Return SD 

Levdized Cost of Generation | i-v . 93S2.4Z 

Vaar 

Annual Generation (MWh) 
Cost ot Generation (S/mWh) 

28 0 
S362 43 
y i o . i M 

$540 
S673 

St.4B4 
$0 
SO 

S51 

28.0 
S3e2.43 
SIO.IAO 

$556 
S673 

S1.S29 
SO 
SO 

S51 

28 0 
S362.43 
110,180 

S573 
S673 

SI,574 
SO 
SO 

$51 

28 0 
$362.43 
$10,180 

$590 
S673 

$1,622 
SO 
SO 

$51 

28 0 
$362.43 
SlO.lfiO 

$608 
SS73 

$1,670 
SO 
$0 

S51 

28 0 
$362 43 

$10,180 

$626 
S673 

$1,720 
SO 
SO 

S51 

2BD 

$362 43 
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$673 
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SO 
SO 

S51 
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SO 
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SO 
SO 
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SO 
SO 
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$0 
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OperaUne Rsvmuss 
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VanaUe O&M 
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Land Cosl 
Fuel Cosl 
Exasa Tax 
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Interest Payment 
Pnnctpal Payment 
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$6,547 
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$5,696 
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$3,213 
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$2,651 

$3,288 
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$3,364 
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$3,434 
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Tax Depreaation - Slate 
TaxaUe Income - Stale 

State Income Tax (benefit) 
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Federal ITC 
State Tax Credit 
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SO 
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so 

tS1U.962) 

SO 
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SO 

Net Taxes (dtie) $122,015 $22,622 $13,357 $7,841 $7,801 $3,940 ($515) ($572) ($636) ($707) (S7B6) 
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Attachment 1 

Cost of Generation 
Al n p u U BIB n Uue 

Tachnaloay A M u m p t i o n s ^ r - ^ 
Project Capadty (MW) 
Capital Cost (S/kW) 
Fixed OAM <$/kW) 
Fixed O&M Escalation 
Vanable O&M (S/MWh) 
VanaUe O&M Escalation 

Insuiance (% CapEx/yeai) 
Fuel Cost (VMBtu) 
Fuel Cost Escalation 
Land ($/year) 
Heat Rale (Btu/kWh) 
Production Degradation (%/year) 
Capaaty Faaor 

C i l cu l iUon 

Cap Cost 
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Slate depredation basis 
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Year 
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Cosl of Generation ($/mWft| 

13 15 16 17 20 

28 0 
$362 43 
$10,180 

$747 
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Exase Tax 
Operat ing Expeneas 
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State Tax Credit 
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Attachment 1 

Cost of Generation Calculator C S P P r o j e c t s - C O M M E R C I A L ( c o r p o r a t e ) 

Tac lu ie ip fv A M u m p t l o n a f - ; V . ^ A i i i 3 « » ^ ' ^ ; 
Project Capadly (MW) 
Caprtal Cost (S/kW) 
Fixed O&M ($/kW) 
Fixed O&M Escalation 
Vanabfe O&M ($/MWh) 
Vanable O&M Escalauon 
Insurance (% CapEx/year) 
Fuel Cost ($/MBtu) 

Fuel Cosl Escalation 
Land (S/year) 
Heat Rate (Btu/kWh) 
Produojon DegradatK>n (%/year) 
Capacity Factor 

' " te". s kx^vi!^- ' 
0.5 

$6,150 
$91 

3.0% 
$11 

0 0% 
0.70% 

$0 
0.0% 

$51,227 
0 

0 00% 

16% 

FbunclaUEconomlD AsumpUora'-^ 
Debt Percentage 
Debl Rata 
Debt Term (years) 
Economic Life (years) 
Depreaation Term (years) 
Percent Oepreaated 
Cost of Gerwretion Escalation 

Federal Tax Rate (margin^) 
State Tax Rate (effective) 
State Exase Tax Rata (wholesa 
Cost o l Equity 
Discount Rate 

-irXr^-S^iaSt 
35% 

9% 
20 
20 

S 
100% 
0.0% 

35% 
6 015% 

0 5% 
11% 
9% 

lnMnt i»a. ' , ' i ' ^ :X: ! .T^ 'vV. •^^. ' /^^X' i ' . ' r '.r-y 

PTC (»flMWh> 
PTC Escalation 
PTC Term (years) 
ITC 
State Tax Credit 

No of Systems (inveners) 

SO 
0.0% 

0 
30% 
35% 

1 

• i ^ ; g a p ^ ' _̂  

$ 500,000 

Oi i tp i t t»TMi is i^g:aaMfta i«Mte«iaei t t>gEg 

NPV for Equity Return $0 

Levelized Cosl of Generation f , - $440.M 

10 

Annual Generation (MWh) 
Cost of Generation j t^mWh) 

700 8 
$440 09 
308,418 

$45,500 
$7,709 

$21,525 
$51,227 

$0 
$1,542 

700.B 
$440 09 

$308,410 

$46,865 
$7,709 

$22,171 
$51,227 

$0 
$1,542 

700.8 
$440.09 

$308,418 

$48,271 
$7,709 

$22,836 
$51,227 

$0 
$1,542 

700 8 
$440 09 

$308,418 

$49,719 
$7,709 

$23,521 
$51,227 

SO 
$1,542 

700 8 
U 4 0 09 

$308,418 

$51,211 
$7,700 

$24,227 
$51,227 

$0 
$1,542 

700 8 
$440.09 

$308,410 

$52,747 
S7.709 

$24,953 
$51,227 

SO 
$1,542 

700 8 
$440 09 

$308,410 

$54,329 
$7,709 

$25,702 
$51,227 

SO 
$1,542 

700 B 
$440 09 

$308,418 

$55,959 
$7,709 

$26,473 
$51,227 

$0 
$1,542 
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$300,410 

$57,638 
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$27,267 
$51,227 

SO 
$1,542 

700.8 
$44009 

$308,418 

$59,367 
$7.70S 

$28,085 
$51,227 

$0 
$1,542 

700 8 
$440 09 

$308,418 

S61.148 
$7,709 

$28,928 
$51,227 

$0 
$1,542 

Operating Revenues 

Fixed O&M 
VanaUe O&M 
Insurance 
Land Co«i 
Fuel Cost 
Exase Tax 

Operating Expenses 

Interest Payment 
Pnndpai Payment 

$127,503 

$9G,B63 
$21,037 

$120,514 

$94,969 
$22^30 

$131,506 

$92,905 
$24,994 

$133,718 

$90,656 
$27,243 

$135,015 

$88,204 
$29,695 

$138,178 

$85,532 
$32,388 

$140,500 

$82,618 

$35,281 

$142,010 $146,383 

$79,443 

$38,456 

$75,982 

$41,917 

$147,930 

$72,210 
$45,690 

$150,654 

$68,097 
$49,802 

Debt Service 

Tax Oepredobon - Stale 
Taxable Income - State 

State Income Tax (beneTit) 

Tax Depreaation - Fed'l 
Taxable Income - Fed'l 

Federal Income Tax (benelit) 

PTC 
Federal ITC 
Slate Tax Credit 

$117,890 

$615,000 
1$ 30.946) 

$117,809 

$084,000 
tSaOO 065) 

(SI.861) 

$522,750 
$63,164 

($54,139) 

$836,400 
($698.326) 

$117,800 

$500,400 
(5506.4721 

$117,809 

$354,240 
(S270.196) 

$117,809 

$354,240 
($269.941) 

($30,464) 

$501,840 
($387.4481 

($16 252) 

$301,104 
(S200 80B) 

($16,237) 

$301,104 
($200 568) 

$117,899 

$177,120 
($a2 4 l2 ) 

$117,899 

$0 
$85,290 

$117,800 $117,899 $117,899 $117,000 

$0 
$86,064 

$0 
$87,053 

$0 
$88,278 

($5,559) 

$150,552 
($60,265) 

$5,130 

$0 
$80.160 

$5,177 

$0 
$80.888 

$5,236 

$0 
$81,816 

$5,310 

SO 
$82,968 

$22,107 

SO 

$ 9 2 2 , 5 0 0 

$ 5 0 0 , 0 0 0 

( $ 2 4 4 . 4 1 4 1 

SO 

( S I 3 5 607 ) 

SO 

( $70 ,283 ) 

SO 

( $ 7 0 , 1 9 9 ) 

$0 

( $ 2 1 , 1 0 0 ) 

$0 

$ 2 8 , 0 5 6 

$0 

$ 2 8 , 3 1 1 

$0 

$28,636 

$0 

$29,039 

$0 

$0 
$80,766 

$5,399 

$0 
$84,387 
$20,528 

$0 

Met Taxes (due) $1,402,354 $200,563 $160,071 $80,635 $80,436 $30,860 (S33.1S6) ($33,487} f$33.S72) (534,349) ($34,928) 

'ff,fl98.750J . MOa^ZTO- . - - » 0 , W 8 . . . ^'210^000 ' . : . t 4 J . $ « : • f < I . O » . , 70,000 Hst Cssh Flow i • 18.823 • 14,121 ;<*,203 a,«0' 8,037 
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Attachment 1 

Cost of Generation 
*4 npuu ar* n bka 

Tschnalogv A u i i m p l l o r a ' ^ U V i 
Project Capacity (MW) 
Capital Cosl ($/kW} 
Fixed O&M ($/kW) 
Fixed O&M Escalation 
VariaUe O&M ($/MWn) 
Vanable O&M Escalation 

Insurance (% CapEx/year) 
Fuel Cost (SnrfBlu) 
Fuel Cost Escalation 
Land ($/yeai) 

Heal Rate (Biu/kWh) 
Production Degradation (%/year) 

Capaaty Faaor 

Calculal ion 

Cap Cost 
Fad'l depieaation Daws 
State depreciation tiasis 

slope 

$ 3.075,000 
$ 2.613.750 
$ 3.075.000 

0 
0 -1344940 58 
5 -1329669.32 

3056.051778 

Year 12 13 14 15 16 17 18 19 20 

Annual Genarauon (MWh) 
Cost of Generation (S/mWhJ 
Operating Revenues 

Fixed OAM 
Vanable O&M 
Insurance 
Land Cosl 
Fud Cost 
Exdse Tax 

700.8 
$440.09 

$308,418 

$62,983 
$7,709 

$29,796 
$51,227 

$0 
$1,542 

700.8 
$440.09 

$300,410 

$64,872 
$7,709 

$30,690 
$51,227 

SO 
S1.542 

700 8 
$440.09 

$308,418 

$66,818 
$7,709 

$31,610 
$51,227 

SO 
S1.M2 

700.6 
$440 00 

$308,418 

$66,823 
$7,709 

$32,558 
$51,227 

$0 
$1,542 

700 8 
$440 09 

$308,418 

$70,888 
$7,709 

$33,535 
$51,227 

$0 
SI.542 

700 8 
$440 09 

$308,418 

$73,014 
$7,709 

$34,541 
$51,227 

$0 
$1,542 

700.8 
$440.09 

$308,418 

$75,205 
$7,709 

$35,578 
$51,227 

SO 
$1,542 

700 8 
$440.09 

$308,410 

$77,461 
$7,709 

$36,645 
$51,227 

$0 
$1,542 

700 8 
$440.09 

$308,410 

$79,785 
$7,709 

$37,744 
$51,227 

$0 
$1,542 

Operating Expenses 

Interest Paymenl 
Piinapal Payment 

$153,250 

$63,615 
$54,284 

$156,040 

$58,730 
$59,170 

$158,006 

$53,404 
$64,495 

$101,850 

$47,600 
$70,300 

$104,001 

$41,273 
$76,627 

$188,033 

$34,376 
$83,523 

$171,280 

$26,859 
$91,040 

$174,583 

$18 666 
$99,234 

$178,007 

$9,735 
$108,165 

Oeirt Service 

Tex Depreaation - State 
Taxable Income - Slate 

Stale Income Tax (benefit) 

Tax Depreaation - Fed'l 
Taxable Income - Fed'l 

Federal Income Tax (twneiLt) 

PTC 
Federal iTC 
Stale Tax Credit 

$117,800 $117,800 $117,800 $117,800 $117,800 $117,800 $117,800 $117,000 $117,800 

SO 

$ 9 1 , 5 4 6 

$ 5 , 5 0 7 

$ 0 

$ 8 6 , 0 4 0 

$ 0 

$ 9 3 , 6 4 0 

$ 5 , 6 3 3 

$ 0 

$ 8 8 , 0 1 6 

SO 

$ 0 6 . 1 0 7 

S 5 , 7 8 l 

iO 
$90,326 

$0 
$98,359 

$5,052 

$0 
$03,006 

$0 
$f 02.244 

$6,150 

$0 
$06,094 

$0 
$106,000 

$6,376 

$0 
$99,632 

$0 
$110^298 

$6,634 

$0 
$103,664 

$0 
$115,168 

$6,927 

SO 
$106,241 

$0 
$120,676 

$7,259 

10 
$113,418 

$30,114 

$0 

$30,805 

$0 

$31,614 

$0 

$32,552 

SO 

$33,633 

SO 

$34,871 

$0 

$36,282 

$0 

$37,684 

$0 

$39,696 

$0 

Net Taxes (due) ($35,620) ($36,438) ($37,395) ($36,605) ($39.703| ($41,247) ($42,917) ($44,812) ($46,955) 

H s t C s s h F l o w . 1.842 ULSSSL •(S.7BX (a,84S)^ . ' . -^(UjISS)- ' • - (18,762)- (23,888) .128 ,877) : . . {U.443)-

Copy Of CSP LCOE Model-500 kW (Revised) ids. 1/21/2010 





Attachment 2 

Proceedings of ISEC 2006 
ASME International Solar Energy Conference 

July 8-13, 2006, Denver, CO 

ISEC2006-9g005 

PERFORMANCE ANALYSIS OF THERMOCLINE ENERGY STORAGE 

PROPOSED FOR THE 1 MW SAGUARO SOLAR TROUGH PLANT 

Gregory J Kolb 
Sandia National Laboratories 
Solar Systems Department 

Aibuquerque, NM, 87123 USA 
(505) 844-1887(p), (505) 844-7786 (f) 

gjkolb@sandia.gov 

Vahab Hassani 
National Renewable Energy Laboratory 

ABSTRACT 
The I MW Saguaro solar parabolic trough power plant 

began operation in December 2005, The plant will initially 
operate without an energy storage system. However, recent 
studies predict a thcrmocline-typc storage should be the most 
ccjst-effectivc storage concept for solar parabolic troughs power 
plants. If such a system can be successfully demonstrated at 
Saguaro, future trough plants will likely adopt this storage 
technology. A thcrmocllne storage system for Saguaro has 
been proposed by Department of Energy (DOE) laboratories 
and the solar industry. In this paper, the time-dependent 
performance oflhe proposed storage system was evaluated with 
a new model of the plant based on the TRNSYS simulation 
system. Results indicate that the proposed system should work 
well at Saguaro. The paper describes the TRNSYS model and 
the engineering insights gleaned from annual performance 
simulations of the plant. 

INTRODUCTION 
The 1 MW Saguaro plant, owned by Arizona Public 

Service (.APS), is the first new parabolic trough solar power 
plant to come on line in 15 years (Figure 1). The plant uses an 
organic Rankine power cycle (ORC), developed by Ormat 
Incorporated, with a maximum design-point operating 
temperature of 300 °C. This type of power cycle, which is 
routinely used in geothermal applications, allows smaller solar 
trough plants to be built and to be operated without need for 
onsite staff. The APS plant [13] is the first plant to use the new 

Fig. The 10,300 m' solar plant began delivering 1 MW of 
electricity lo the APS grid on December 27, 2005. The 
plant is currently operating without energy storage. 

Solargenix parabolic trough collector. The trough, which was 
developed under the DOE USA Trough Initiative,' integrates a 
number of technical improvements in the concentrator, drive 
and controls that reduce the cost and enhance the performance 
of the solar field. The plant is also the first application of the 
receiver tube of the German manufacturer Schon. The Schott 

http//www nreJ.gov/csp/usajroush html 
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receiver includes a number of improvements that increase 
performance and reliability of the heat collection elements. 
Although relatively small in size, the APS parabolic trough 
project is playing an important role in the reintroduction of 
parabolic trough technology into the U.S. power markets. It 
also helps APS meet the solar-production requirements defined 
by the state of Arizona's Environmental Portfolio Standard. 

KTKT-C^-^ 

Fig. 2 Solar One's thcmiocline storage tank 

To achieve the long-term economic goals established for 
trough technology, low cost energy storage must be included in 
the plant design [1]. Saguaro is currently operating without 
energy storage. However, APS and the national labs are 
actively pursuing a possible future retrofit to increase the size 
of the solar field and to install an energy storage system. 

Studies predict a thermocline-type storage should be the 
most cost-effective storage concept [2]. If such a system can be 
successfully demonstrated at Saguaro, future trough plants will 
likely adopt this storage technology. 

Nexant Incorporated has proposed a thermocline system 
for Saguaro that is a scaled-down version of the system 
demonstrated at the Solar One power tower in the 1980"s [3,4], 
A thermocline tank is one that uses a single tank to store 
thermal energy (Figures 2 and 3). A thermal gradient separates 
the hot from the cold fluid. Low-cost gravel is used to displace 
the higher-cost heat-transfer fluid (HTF) (a synthetic oil). The 
gravel as well as buoyant forces helps to maintain the thermal 
gradient. When the system is charged, cold HTF is drawn from 
the bottom of the tank, heated by the solar field and returned to 
the top of the tank. When the tank is discharged, hot HTF is 
drawn from the top of the tank and cooled as it passes through 
the ORC power conversion equipment (Figure 4). 

Fig. 3 Proposed integration of thermocline storage tank into 
Saguaro plant 

The proposed system will store 30 MWh of thermal 
energy. This will allow the ORC to operate at full load for 6 
hours afler sundown to meet APS's need for electricity during 
the evening peak period. The analysis presented here evaluates 
the time-dependent performance of the proposed storage system 
with the TRNSYS computer code [5]. 

TRNSYS MODEL OF SAGUARO 
Previous TRNSYS models of complete solar power plants 

with thermocline storage experienced numerical stability 
problems and/or required excessive computer time (several 

Cooi i im ^Vtfvr Supply 

C o d l i n c n r« t« i up tu rn 
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Fig. 4 The I MWe ORC at Saguaro is powered by sotar-heaied oil with a maxnnum temperature 
of 300 C . The ORC working fluid is pentane. 
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Derived from ASPEN model (NREL): 
Out_kWe = Rlnjemp. flow), 
Out_Temp = ffln_temp. flow) i 

STEC storage conlrol algorithm 
determines storage/ORC flow split and 
mixed rettim temperature to solar field 

Existing STEC Type 197 
constant temperature trough 

Dispatch stored energy during APS peak 

New Type 502 therrnocline 
storage created from 
TRNSVS Type 10. Validated 
with Solar One data. 

r»>PBiffc_rniim< 

Fig. 5 TRNSYS model of Saguaro with storage 

hours to several days) to complete an annual simulation. The 
problems were believed to be caused by the detailed models of 
the Rankine equipment (Figure 4) and solar equipment, as 
well as the short time step required by the differential-equation 
model of the storage tank [6]. In an effort to solve these 
problems it was decided to retain the detailed models of the 
solar equipment and storage tank but to greatly simplify the 
model for the organic Rankine power block. Using this 
approach, we were able to complete a stable annual simulation 
(using 3-minuie time steps) in less than 1-minute of computer 
time. 

The TRNSYS model of Saguaro with storage is depicted 
in Figure 5. It is a combination of standard TRNSYS 
components, new components developed by the authors, and a 
library of components (called STEC) developed by the 
SolarPACES international working group [9]". The model 
input is an hourly insolation and weather file, based on a 
typical metereological year (TRNSYS component Type 89). 
The model output (temperatures, flows, turbine power, etc.) is 
written to standard TRNSYS Type 25 output files. The ORC 
and storage models merit further discussion. 

Rather than a detailed model of all components in the 
ORC power block, the system was represented by 2 transfer 
functions; the inputs to the functions were sotar-fteld flow rate 
and exit temperature, and the outputs were solar-field return 
temperature and turbine-generator power output. The transfer 
functions depicted in Figure 6 were developed with a modified 
version of a previous Aspen"" simulation model of the ORC 
[7]. Another transfer function (not shown) was also 
implemented that relates the effect that wet-bulb temperature 

^ The mathcmaticai modets for the TRNSVS components are fijfly 
described in (5] and [9] 

' .^5pcn Plus® is a steady-state simulation language developed by Aspen 
Technology. Inc., Cambridge, Massachusetts 

has on condenser cooling water temperature and on the tiu'bine 
power [8]. 

The basis of the thermocline tank model was the standard 
TRNSYS Type 10 component. The tank is divided into 

ORC Out le t T s f ( ln la t T, F l o w r a t e ) 
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Fig. 6 ORC transfer functions developed by ASPEN 

several equally-sized control volumes (23 stacked cylinders 
used here) and a first-order differential equation describes the 
energy balance of each. The Type 10 component is improved 
relative to a previous model of a thermocline tank [10]. The 
previous model did not allow thermal conduction between 
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control volumes or for thermal losses through the walls of the 
tank; the TRNSYS Type 10 includes these effects. However 
during validation of this model with performance data 
obtained from the Solar One system it became apparent that a 
few modifications to the FORTRAN code were necessary to 
obtain agreement with the data. In particular, it was necessary 
to add thermal losses from the roof and floor of the tank, as 
well as the thermal inertia caused by the massive concrete 
foundation. These changes led to generally good agreement 
with Solar One data recorded during a discharge test [11] and 
during a multi-day cool down of the tank [12], as depicted in 
Figure 7. The thermocline within the storage tank is clearly 
visible, hot zone on top of cold zone with a thermal gradient in 
between. It can be seen thai the slope of the thermal gradient 
predicted by TRNSYS during the discharge test is not quite as 
steep as the actual data. The reason for this difference is 
unknown. The validated model, labeled Type 502 in Figure 5, 
was scaled down to the size defined by Nexant and integrated 
within a TRNSYS model of the entire power plant. 

Discharge Test 
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Fig. 7 The cool down test was performed in November 1982. 
There was no flow into or out o t the lank during the test. 
The TRNSYS model was given the Solar One initial 
conditions (Start). Af^er 16.5 days we compare the 
temperature profiles. The discharge test was performed 
June 28, 1983. The flow remained constani during the 8 hr 
test. The TRNSYS model was given the Solar One initial 
conditions (Midnight). We compare the temperature 
profiles 4 and S hrs later. Test data has been corrected for 
flowmeter errors identified during the test, 

SIMULATION OF ANNUAL PERFORMANCE 
The TRNSYS model was used to estimate the annual 

performance of Saguaro given the Phoenix TMY2 hourly 

insolation and weather file*. Simulations of the plant with and 
without storage were performed. 

Since Saguaro will initially be operated without storage, a 
model of this configuration has near-term relevance. The 
TRNSYS model without storage is a subset of the components 
listed in Figure 5. The tank model (Type 502), storage control 
(STOCO), and the energy dispatch controller are removed. In 
addition, the solar trough model (Type 197) is modified to 
allow constant-flow operation rather than constant outlet 
temperature; with storage included in the design, constant 
temperature is needed to maintain the tank thermocline, but 
without storage, a simpler control strategy is warranted in 
which the HTF pumps run at a constant How and outlet 
temperature is allowed to float. The annual turbine output 
predicted by TRNSYS is 2000 MWh; this is equivalent to an 
annual solar-to-clectric efficiency of 7.8% and capacity factor 
of 23%^ This estimate is very close to the independent 
estimate by the plant builder, SolarGenix, An insight gleaned 
^om the analysis is that a.xm\idL\ output can be improved 
through monthly or seasonal changes in the HTF flow rate. 
As stated above, the plant operates at constani flow throughout 
the year (42300 kg/hr). On winter days, with relatively poor 
solar intercept by the troughs, this can lead to HTF 
temperatures that are much lower than the design point 
temperature of JOOT. LOW temperatures delay startup and 
cause early trips of the ORC (need 190 "O and reduces the 
output from the turbine after startup. The problem is depicted 
in Figure 8. The problem can be mitigated by changing the 
flow rate to more closely match the solar power intercepted by 
the troughs such that the peak operating temperature during 
the day achieves the 300 "C design point required by the ORC. 
Thus, flows in winter months would be set to a lower value 
than flows in the summer. 

DNI (\\7m^) 
y HTF Temp C O 

1000 T 
aoo 
aco 

hr 

Fig. 8 TRNSYS prediction of solar field outlet temperature on 
January 2"^ given constant-flow operation. The outlet 
tempet^ture is higher than the ORC startup temperature of 
190 "C for onlv a few hours. 

' Typical MHeorological Year (TMY) 2 files can be downloaded from 
the NilEL website The annual direct normal insolation (DNI) for Phoenix is 
2.5 MWVmv 

' Ajinual efficiencies and capacity factors do not include losses due to 
plant parasitics or equipment unavailabilitv. 7 8% = 2000 MWh/(2.S 
MWh/m= • 10300 m-). Annual capacity factor. 23% = 2000 MWTV(1 MW • 
8760hi Saguaro's efficiency (7.8%) is lower than standard SEGS plants 
CI J%) because the eiTiciency of the power block is less, i e . 20% for ORC vs 
37% for steam Rankine. 
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In the TRNSYS model with storage it is assumed that the 
solar field will be expanded from the current size of ID300 m̂  
to 18800 m'. During daytime the solar field directly powers 
the ORC, as before, but excess energy collected by the solar 
field is stored in the thermocline for later delivery to the ORC 
after sunset. The annual turbine output predicted by TRNSYS 
is 3690 MWh; this is equivalent to an annual efficiency of 
7,9% and capacity factor of 42%, The annual efficiency of the 
plant with storage is predicted to be very similar to plant 
without storage. An insight gleaned from the analysis is that 
the storage size proposed by NEXANT is nearly optimal and 
only small improvements in annual energy production are 
possible through design and operation changes. For example, 
if storage volume is increased by 50% to avoid the discard of 
excess thermal energy collected by the solar field, annual 
output only increases by 60 MWh. A second change 
investigated with the TRNSYS model was to increase the 
temperature when tank charging ceases from the proposed 
value of 225 "C to 250 °C. During tank charging, 300 °C oi! 
from the solar field enters the top of the tank and much cooler 
oil exits the bottom of the tank and returns to the solar field. 
As the tank becomes fully charged, the oil exiting the bottom 
starts to rise. The original proposal suggested that oil exit 
temperature should be limited to 225 °C when the tank is fully 
charged. However, the TRNSYS simulation indicates that 
relaxing this restriction to 250 °C will increase annual 
electricity production by only 20 MWh. And finally, if we 
combine an increase in storage of -20% with a 250 "C 
seipoini, the totaJ improvement is only 60 MWh, the same as 
the first design variation of increasing the storage volume by 
50%. As such, we conclude the original size of storage 
proposed by NEXATsfT is nearly optimal, 

CONCLUSIONS AND FUTURE WORK 
A TRNSYS model of the 1 MW Saguaro solar trough 

plant has been developed. The model is capable of predicting 
the time-dependent flows and temperatures within the solar 
field and proposed thermocline storage system, as well as the 
power produced by the organic Rankine cycle power block. 
Analysis conducted with the model indicates that the proposed 
thermocline energy storage system should work well and only 
small annual performance improvements are possible through 
changes to its design and operation. 

The Saguaro plant began operation in late December, 
2005. Actual performance data from the plant in the non-
storage configuration is now becoming available. The non-
storage version of the TRNSYS model will be validated with 
the actual data. Following validation, the TRNSYS analysis 
of the plant with the proposed thermocline storage system will 
be updated and the analysis will help APS and DOE decide 
whether energy storage should be pursued ai Saguaro in the 
future. 
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Cost of Generation 
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Project Capacity (MW) 

Capital Cost f$/kW) 

Fixed O&M ($/kW) 
Fixed O&M Escalation 
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$91 
3.0% 

Variable O&M ($/MWh) 
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Insurance (% CapEx/year) 
Fuel Cost ($/MBtu) 

Fuel Cost Escalation 

Land ($/year) 

Heat Rate (Btu/kWh) 
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(%/year) 
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$11 

0.0% 

0.70% 
$0 

0.0% 
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0 
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Rnancial/Economic Asumi 

Debt Percentage 

Debt Rate 

Debt Term (years) 
Economic Life (years) 
Depreciation Term 
(years) 

Percent Depreciated 
Cost of Generation 
Escalation 

Federal Tax Rate 
(marginal) 
State Tax Rate 
(effective) 
State Excise Tax Rate 
(wholesale) 

Cost of Equity 

Discount Rate 

20 

35% 

9% 

20 

5 

100% 

0.0% 

35% 

6.015% 

0.5% 

11% 

9% 

r i i ^ s s T s ; ^ ^ ^ ^ ^ 
PTC 
($/MWh) 
PTC 
Escalation 
PTC Term 
(years) 
ITC 
State Tax 
Credit 

No. of 
Systems 
(inverters) 

C i ^ ^ 
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0 
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35% 

1 
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5 500,000 
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NPV for Equity 
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Levelized Cost 
of Generation 

$0 
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Cost of Generation 
Calculator 
All inputs are in blue. 
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E X E C U T I V E S U M M A R Y 

ABSTRACT 

The potential for significant energy contributions from native non-fossil sources has motivated the State of 
Hawaii to explore the development of its renewable energy resources. This interest in renewables is 
reinforced by a rising energy demand related to a growing population and industrial base, a high 
dependence on imported petroleum, and environmental concerns related to energy use. Recognizing the 
success of the SEGS plants in C^alifomia, where 354 MWg of solar thennal electric generation systems 
have been installed, the state energy office initiated an assessment of the potential for similar facilUes 
located in Hawaii. SEGS plants utilize concentrating parabolic trough solar collectors to collect heat for 
steam generation for use in a conventional steam Rankine cycle power plant. Nine such plants exist, 
ranging in capacity from 14 to 80 MWe. 

The SEGS assessment for Hawaii evaluates the economic and technological potential of utility-scale solar 
thermal electric plants on the Islands, focusing on the issues of siting, design, utility requirements, 
operating characteristics, performance, and cost. The assessment was carried out by first examining the 
utility needs on the major islands through a categorization of installed capadty, power purchase 
commitments and resource planning. Next, capital costs were estimated for Hawaii conditions, and 
electrical generation performance projections were made based on a careful evaluation of potential solar 
resources throughout the islands. In parallel, preferred sites were identified based on an appraisal of 
numerous siting issues. Lastly, a preliminary economic analysis of levelized electricity costs was made to 
compare SEGS plants in Hawaii with conventional electric generation options. 

3? —» 
rt---, 

Based on all aspects of this assessment, the following conclusions can be drawn regarding the viability of 
SEGS plants in the State of Hawaii: 

Suitable sites exist on the leeward sides of the major islands, 

Electric utility resource plans point to SEGS capacities of 30 MWe or smaller (except on Oahu 
for which an 80 MWe plant is suitable). Capital costs are significantly increased relative to the 
latest California SEGS plants due to physical siting characteristics, shipping, taxes and labor 
adjustment factors. 

The solar resource applicable to SEGS plants in Hawaii is about 25-30% lower than the Mojave 
Desert on an annual basis, leading to solar performance reductions possibly as high as 40-50%, 

The base case economic analysis finds that SEGS plants do not currently appear to be a cost-
cficctive solar applications for the State of Hawaii, 

Inclusion of commonly discussed incentives for renewable energy technologies such as tax 
credits, property tax exemptions and incorporation of environmental externalities into 
generation planning improve the economics for SEGS but do not change this conclusion, 

The principal reasons for the unfavorable economic results are the higher capital costs and lower 
system performance projected for SEGS plants in Hawaii, even those located in the preferred 
sites. Significant capital cost reductions compared to current projections appear necessary to 
alter this finding. 

It is important to bear in mind that these conclusions are drawn for SEGS plants only, and do not purport 
to reflect on the viability of other solar systems (such a photovoltaics) or even other solar thermal systems 
(such as parabolic dish Stirling concepts or industrial process heat applications), which have different cost 
and performance characteristics. 
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INTRODUCTION 

During recent decades, the state of Hawaii has experienced rapid economic and population growth. 
Consistent with these developments have been commensurate increases in the state's appetite for energy. 
Hawaii, which has no local fossil fijel reserves, imports petroleum to supply over 90% of its energy needs. 
The near total dependence upon this non-native energy source has rendered the state increasingly 
vulnerable to the whims of the global oil market. The desire to diversify local energy supplies, coupled 
with increased concerns for the environment, have instilled among residents of Hawaii an intensified 
interest for the development of domestic altemative energy sources. 

Spurred by the oil crisis of the early 1970's, Hawaii undenook numerous projects to produce electricity 
using a diverse range of altemative energy technologies. Pilot projects evaluating geothermal, ocean 
thermal, wind, solar, and biomass energy conversion were initiated during the I970's. Aside from 
biomass energy-wtuch, as a by-product of the local sugar industry, has long been an important source of 
electricity production in Hawaii-none of the technologies have yet proven to be reliable and significant 
sources for electricity. Meanwhile, the state's dependence on imporiftl oil has continued to increase. 

In 1990, given the continued and growing need to develop domestic altemative energy sources, the State 
of Hawaii's Department of Business, Economic Development & Tourism (DBEDT) contracted Luz 
International Limited to assess the technical and economic feasibility of their successful Solar Electric 
Generating System (SEGS) technology in the Hawaiian Islands. Since 1985, Luz had developed and 
operated nine large solar power plants in California's Mojave Desert The cumulative firm capacity of the 
SEGS plants which are currenUy in operation. 354 MW in all. represents over 90% of all of the 
commercial solar electric generation in the world. The total electrical capacity of these facilities is 
equivalem to 19% of the total electric capacity of the entire state of Hawaii. Following the demise of the 
Luz group of companies in 1991, this assessment was continued by ex-Luz staff in order to fully utilize 
the experience of the SEGS developments. 

The SEGS technology was developed to provide reliable solar thermal peaking power for electric utilities 
in southern C^ifomia. To achieve this level of reliability, the SEGS concept incorporates a conventional 
Rankine primary steam cycle, a common power cycle which is utilized by most large oil, natural gas, coal, 
and nuclear power plants. Sunlight, the primary heat source for generating steam in a SEGS plant, is 
concentrated and absorbed by line-focusing parabolic troughs organized into rows in a large solar array 
field. Heat traiuport fluid (HTF) pumped through the solar field carries absorbed heat to the centi^ly 
located power block, where a conventional steam boiler and turbine-generator convert the thermal solar 
energy into electricity. For increased reliability and flexibility, an auxiliary fuel-fired beater is added to 
the system to provide supplemental HTF heating when the sunshine is inadequate to provide the desired 
plant output 

The overall SEGS assessment for Hawaii evaluates the economic and technological potential of utility-
scale solar thermal electric plants on the major islands, focusing on the issues of siting, design, utility 
requirements, operating characteristics, performance, and cost It is stressed that this study pertains to 
SEGS development only, and that the results herein should not be extrapolated to all solar electric 
technologies. Other types of solar electric generation, such as photovoltaics or Stirling engine-parabolic 
dish systems, are governed by somewhat different criteria and their potential success in Hawaii must be 
evaluated imder the circumstances applicable to their respective technology. 

The assessment was carried out by first examining the utility needs on the major islands through a 
categorization of installed capacity, power purchase commitments and resource plaiming. Next, an 
evaluation of SEGS technology for Hawaii yielded capital costs estimates for Hawaii conditions, as well as 
electrical generation performance projections based on a careful evaluation of potential solar resources on 
the major islands. In parallel, preferred SEGS sites were identified based on an appraisal of numerous 
siting issues. Lastly, a preliminary economic anaiysis of levelized electricity costs was made to compare 
SEGS plants in Hawaii with conventional electric generation options. 
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UTILITY REQUIREMENTS 

There are effectively two electric utility companies in the state of Hawaii: Hawaiian Electric Industries. 
Inc. (HEI) and the Kauai Electric Division of Citizens Utilities Company (KE). Kauai Electric provides 
electric service to the island of Kauai. With the exception of Niihau, which has no electric utility service, 
the rest of the inhabited islands of the Hawaiian chain have their electrical demand supplied by HEI 
utilities. Hawaiian Electric Industries is a holding company for electric utilities which serve Oahu 
(Hawaiian Electric Company). Maui (Maui Electric Company), and Hawaii (Hawaii Electric Light 
Company). Molokai Electric Company, which serves the small rural population on the island of Molokai, 
was recently added to the HEI system as a division of Maui Electric Company. Maui Electric also 
maintains a division on the island of Lanai. Since there are currentiy no inter-island electric transmission 
&cilities in the state, each island in Hawaii is electrically isolated and presents unique development 
opportunities for SEGS power plants. 

It is noted that a substantial component of the electricity generated in Hawaii is purchased power from 
both conventional and renew^le energy sources. Much of this generation is non-firm power. Although 
significant fi'om an energy standpoint, non-firm power cannot be scheduled dependably and therefore is 
not identified as dispatchable generation capacity. Historically, the majority of purchased power in the 
state is from the burning of bagasse (sugar wastes) by sugar processing mills. The current ratios of total 
purchased power (firm + non-firm) to total net electric generation range fi'om about 12% on Maui and 
Oahu, to over 25% on Hawaii and Kauai. 

Table ES-i summarizes the total installed capadty and firm purchased power contracts for each utility. 
Examining the makeup of the installed capacity as well as the resource plan for generation additions in 
each utility, judgments can be made on the appropriate target size for a SEGS plant in each system, which 
is also listed in Table ES- 1. While there are no active projects or assessments to install an underwater 
transmission cable between the islands, it is noted that a Oahu-Molokai c^Ie would suggest the possibility 
of a large SEGS plant on the west side of Molokai. 

Table ES-1. Utility Capacity and SEGS Suitability 

Utility 

HECO - Oahu 
MECO -Maui 

- Molokai 
-Lanai 

HELCO -Hawaii 
KE -Kauai 

Approx. Installed 
Capadty (MW) 

1260 
143 
8 
10 
135 
97 

Finn Purchased 
Power (MW) 

180 
12 
0 
0 
28 
12 

Target Capacity for 
SEGS Plant (MW) 

80 
30 

0 w/o cable;80-200 wiUi 
0 
30 
15 

Daily electricity demand profiles have similar characteristics on all the islands. Summer use shows a 
rapid increase in demand during the morning hours, as dtizens arise and go to work. The load remains 
quite flat over the course of the day, drops off afier 4 p.m. as offices start to close, and then briefly 
increases by a few percent in the early evening, reflecting increased electrical usage associated with the 
preparation and clean-up of the evening meal. The profile is strikingly similar in winter, except that the 
magnitude of the relatively constant daytime demand is about 5% lower, partially attributable to lower air 
conditioning requirements, and the evening meal time peak is broader and more pronounced — a 10% 
spike lasting 2-3 hours. The increased evening demand evident in winter is driven by the shorter winter 
day length, which influences many residents of Hawaii to eat earlier and on a more routine schedule. In 
summer, residents are afforded more recreational opportunities and the lessened summer evening demand 
spike reflects a greater flexibility io lifestyle during the longer summer days. 
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SOLAR ELECTRIC GENERATING SYSTEM (SEGS) DESIGN 

Current Status 

The nine SEGS plants, independenUy owned by limited partnerships and selling electridty to So. 
California Edison utility, continue to operate at three sites in the Mojave Desert region of Southern 
California despite the demise of Luz. The first plam has 13.8 MW^ net capadty, the succeeding six 
plants have 30 MW^ net capacity and the final two plants are larger at 80 MW^ capadty. Each plant is 
operated by its owners to optimize plant revenues. Since the utility has time-of-use dectridty rates, it is 
desirable that high electrical output be delivered to the grid during the utility on-peak hours when 
electridty revenues are highest This is partially accomplished with the aid of a fossil-fired heat transport 
fluid heater which can either supplement the solar field or operate independentiy. The energy supplied by 
fossil fiiel is limited to 25% of the total effective armual plant energy input by regulations of the U.S. 
Federal Energy Regulatory Commission. 

While all the plants are in daily operation, the absence of the Luz group does affect the facilities. Up to 
1991, Luz Engineering Corporation carried out the routine operation arid maintenance (O&M) functions 
at each plant under separate contract to each owner group. In late 1991 and early 1992, this responsibility 
was assumed by three O&M companies set up by the owners at each of the three sites. Since Luz was the 
supplier of the solar field, spare parts for non-standard components of the solar field are not available and 
the owners have had to develop altemative sources. Maintenance needs include the normal component 
failures and repair requirements of any operating power plant as well as the unique requirements of the 
solar fields. Over the years of development and operation, much has been leamed about SEGS solar field 
maimenancc and. other than the spare parts problems mentioned earlier, the operation of these systems 
has matured into a routine pattern. 

Design Features 

k typical Hawaiian SEGS power plant would be comprised of the solar field, power block, plant services 
(water supply system, fossil fiiel supply, power transmission lines), and water treatment system. The plant 
will require a land area of approximately 6 acres per MW for the solar field, power block, and balance of 
plant equipment Maximum solar energy delivery with parabolic troughs is obtained with the axes of the 
solar collector assemblies oriented in the north-south direction; another orientation may be required due to 
the terrain of a specific site. The power block and balance of plant are located near the center of the solar 
field and cover an area of about three acres. This area contains all major mechanical and electrical 
equipment subsystems required for power production. Specific sites would impose differing needs for civil 
engineering requirements (grading, foundations, flood control) as well as other site-related design issues 
related to water supply, water waste handling, electrical interconnect to the local transmission system, and 
solar field sizing. The major features of a Hawaiian SEGS plant, however, are not site-dependent, other 
than plant capadty. A schematic process diagram of a SEGS plant is shown in Figure ES-1. 

The solar field is an advanced LUZ solar system incorporating line-focus parabolic trough collectors that 
focus sunlight onto vacuum-insulated steel pipes. Heat transfer fluid (HTF) drculates through the solar 
field where it is heated and supplied through a main header to the solar heat exchangers located in the 
power block. The solar-heated HTF generates superheated steam in two sets of heat exchangers (each set 
with 50% of the total capadty). The superheated steam is then fisd to the high-pressure (HP) casing of a 
conventional steam reheat turbine. The steam passes firom the HP casing to a solar-fired reheater before 
being fed to the low-pressure (LP) casing. The spent steam from the turbine is condensed in a standard 
condenser and returned to the heat exchangers via condensate and feedwater pumps to be transformed 
back into steam. After passing through the HTF side of the solar heat exchangers, the cooled HTF is then 
redrculated through the solar field to repeat the process. 

Kearney & Associates SEGS Assessment — State of Hawaii 
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Figure ES-1. Schematic Representation of a SEGS Plant 

The Luz system is built up from solar collector assemblies (SCAs), each consisting of a row of individual 
trough collectors driven by a single drive train. The mirrored parabolic troughs concentrate direct beam 
radiation onto a heat collection element (HCE), which is a steel pipe having a spedal selective coating 
surrounded by an evacuated annulus to enhance performance. An advanced local microprocessor 
controller, in conjunction with a sun sensor, tracks the sun and keeps the collectors focused during periods 
of sufficient insolation. 

The SCAs are arranged in a large array consisting of parallel rows with three units per row. The 
row-to-row spacing is optimized to minimize piping costs and row-to-row shadowing in the morning and 
evening hours. The temperature of the HTF through the solar field increases from 5 5 9 ^ at the inlet to an 
outlet of 7 3 5 ^ . Both the solar field piping and the HTF expansion tank are suitably insulated to minimize 
themial losses. The thickness of the insulation and the diameter of the piping is selected to reach a 
balance between surface area heat loss, parasitic pumping power, and overnight heat losses from the 
volume of HTF remaining in the field piping. 

In Hawaii, an auxiliary diesel*oil fired HTF heater would supply an alternate source of energy to produce 
turbine inlet steam. This allows the production of electridty in evening hours or daytime horns with low 
insolation, if called for by the plant operating strategy. 

The spent steam is condensed in the shell-and-tube condenser and cooling system. A control building 
houses a central microprocessor that monitors and controls plant operations. During reduced solar 
radiation conditions, the solar field and HTF heater can operate in parallel to provide electrical 
generation. Electrical power output fiom the plant would be supplied to the local transmission line from 
an on-site switchyard. 

Kearney & Associates SEGS Assessment — State of Hawaii 



^"ISfifflgiJJS, ummary Page ES-^ 

f^ojected Performance in Hawaii 

SEGS performance can be projected using a plant performance model in conjunction with a data base of 
typical weather information. The existing SEGS performance model takes into account the relevant 
physical characteristics of the solar field, turbine/generator system. HTF piping and important balance-of-
plant systems, utilizing one year of hourly solar radiation and meteorlogical data to assemble an annual 
projection. 

An hourly solar radiation data base was assembled from measurements made at the University of Hawaii 
at Manoa during the years 1979-1987. The year 1979 was chosen as a typical solar year for this 
evaluation. Other data are available that allow estimates for other sites throughout the State. The annual 
average direct normal radiation at Manoa for 1979 was 5.01 kWh/m^-day, compared to 7.44 in the 
Mojave desert where the existing SEGS plants are located. If seasonal totals of solar radiation are 
compared, the useful radiation in the plane of the collectors is notably higher in winter when the sun is 
higher in the sky in Hawaii than in California. Because of douds, the variation in hourly solar radiation 
in Hawaii is quite high; in general, there is a significanUy greater occurrence of lower insolation in 
Hawaii and very few hours of high insolation (above 900 W/m^). 

The insolation data were used in the SEGS performance model to project the performance of an 80-MW 
plant located on Oahu; monthly outputs are shown in Table ES-2. The annual output of 119.119 
MWh/ycar on Oahu compares to 180,520 MWWyear in tlie Mojave, or a reduction of 34%. However, this 
result does not reflect the true impact of intermittem clouds on performance, as the effects of clouds are 
greater than might be predicted simply from the reduction in average solar radiatiort The effects of these 
deficiendes in the radiation data base and the nuxlel tend to overproject performance, and hence the 
model projections are assumed to be high. In our judgment, the projections are optimistic by a factor of 
about 20%. Thus, the performance of an 80-MW SEGS on Oahu might be expected to be about 60% of 
the performance of an identical plant in Southern California. At a 60% levd, the aimual output would be 
about 108.300 MWh (solar only), corresponding to a capadty foctor of IS.4%. Supplementary firing 
could bring this level up to any desired capadty factor. The insolation levels at the prefened sites on the 
other islands range up to 13% higher. Ttus could result in a perfomiance increase of about 15%, or an 
annual capacity factor of 17.8% in solar-only operation. 

Table ES-2. Perfomiance Projections for 80-MW Plant using Oahu Data 
Annual Total 119,119 MW-hr 

Month 
January 
February 

March 
April 
May 
June 

MWh 

3393 
3870 

10216 
12534 
12484 
9903 

Month 

July 
August 

September 
October 

November 
December 

MWh 
13811 
15373 
14492 
9189 
7130 
6724 

Cost Estimate 

The electridty costs of SEGS plants in C:aUfomia reduced steadily fi^m tiieir introduction in 1984 
through the construction of SEGS DC due to a reduction in tmit capital costs and an increase in output per 
dollar invested. Capital costs dropped firom about $4S00/kW to just over $3000/kW as the solar collector 
technology reached its third generation and plant sizes increased from 14 MW to 80 MW. 
The capital cost estimates presented here are based on reference cost data for the SEGS plants and factors 
specific to an installation in Hawaii. The costs are generalized in that they are not developed for a specific 
site. These costs assume a turnkey project with a lead EPC (engineering, proctuement and construction) 
contractor. Cost elements in the SEGS estimate include the following: 

Kearney & Associates SEGS Assessment — State of Hawaii 
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• Site Preparation: grading, roads, flood protection, and land 
• Buildings/Fence: control and maintenance buildings, security fencing 
• Solar Field Material: collector and foundation equipment 
• Solar Field Installation: installation costs of solar field 
• HTF System: pumps, headers, fluid 
• Turbine/Generator: turbine/generator set 
• Boiler/Heater: auxiliary fossil-fired steam source 
• Other Power Block Equipment; major steam-water cycle equipment 

other than turbine-generator 
• Electrical: electrical wiring, motor control centers, other 
• BOP: balance-of-plant equipment (e.g.. cooling towers and pumps. 

solar heat exchangers, diesel set, air compressors) 
• Substation/intercoimect: transformers, switchgear, breakers, tower 

intercormect to transmission line 
• Indirects: field supervision, field engineering, miscellaneous construction facilities. 

Sales tax, interest during construction and profit are not included in the indirects. 
• Other: engineering, start-up 
• Contingency: reserve margin for estimated uncertainties @ 15% 

SEGS cost data from the C^alifomia plants have been adjusted for Hawaii conditions. The final SEGS cost 
estimate resulting from the application of these adjusonents to the reference SEGS costs is given in Table 
ES-3. The total cost is $3845/kW. though this can vary considerably depending on site conditions. As an 
example, consider a site in which grading is not an issue (e.g., the Pearl Harbor Blast Zone area), land 
costs are $30,000 per acre, both transitussion and water costs are one-half of the assumed cost, and a 
contingency of 10% is applied. In this case, the total cost reduces to $3080/kW. Though it is hard to 
accuratdy portray the range of costs that could be incurred over a broad spectrum of sites, it is our 
recommendation that an uncertain^ l}and of 15% be applied to the reference plam cost, resulting in an 
estimated range of S3500/kW to $4200/kW for a reference 80-MW SEGS plant in Hawaii. Smaller plants 
will be more cosUy; as a rule of thumb from SEGS construction experience, the cost increment over 80-
MW plant costs is about 15% for a 30 MW plant and 30% for a 15 MW plant 

Thermal Energy Storage 

Because seasonal and diurnal variations in electrical demand are relatively small in Hawaii, thermal 
energy storage (TES) is unlikely to be justified strictly for time-shifting of dectrical production. A buffer 
TES system, on the other hand, can have a much more significant impact on the operation of a SEGS 
plant in Hawaii. Radiation changes due to intermittent weather conditions will - without a buffer TES 
system - direcfly affect the pattern and effidency of electrical output, i.e., the efficiency of dectrical 
production will degrade with intermittent radiation, largely because the turbine-generator will ftequentiy 
operate at partial load aiuj in a transient mode. If regular and substantial cloudiness occurs over a short 
period, turbine steam conditions and/or flow can even degrade enough to force turbine trips if there is no 
supplementary thermal source to "ride through" the disturbance. 

An evaluation of possible TES media, experience with existing systems and recent design studies was 
conducted to identify suitable options for a SEGS plant in Hawaii. It was found that sensible heat 
thermal storage providing 1-3 hours of fiill-load plant capad^ using molten salt or a liquid-solid media is 
feasible from both technical and economic aspects, though uncertainties exist in each area. Approximate 
estimates indicate that such storage systems could add $65-130/kWg to the capital cost, with potential 
performance gains on the order of 10%. 

Kearney & Associates SEGS Assessment — State of Hawaii 
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Table ES-3. Cost Estimate for Reference SEGS Plant in Hawaii (1992S) 

Cateeorv 

Site Preparation 
Grading 
Flood Protection 
Land 

Other 

Solar Field 
Equipment 
Installation 

HTF System 

P<)wer Equipment 
Power Block 
Fire/Water Systems 
BOP 
Electrical 

Substation/1 merconnect 

Total Direct Costs 
Total Indirect Costs 
Total Other 
Contingency 

Total 

$/kW 

Subtotal 920 

Subtotal 1000 

Subtotal 415 

Subtotal 505 

Subtotal 120 

Unit 

$/kW 

295 
ISO 
210 
235 

860 
150 

325 
60 
90 
30 

2960 
245 
50 

590 

3845 

Cost 
%of 
Direa 

10 
6 
7 

J 
31 

29 
5 

34 

14 

11 
2 
3 
_L 
17 

4 
%of 
Total 

77 
6 
2 

IS 

100 

SITING OF SEGS PlANTS io HAW AH 

Siting Factors 

The feasibility of pursuing SEGS facilities in Hawaii is contingent upon the identification of sites well 
suited to the technology. Desirable physical characteristics of a £avorable SEGS site indude high direct 
(beam) insolation, flat topography, suitable water supply and waste water discharge availability, access to 
nearby electric transmission facilities, and availability of auxiliary fuel supplies. Additionally, socio­
political issues such as existing land use and cost, potential environmental and cultural impacts, and local 
public acceptance can strongly influence the feasibility of a SEGS project. Many of these characteristics 
are identical to those of conventional power plants, with the prominent exceptions of solar radiation 
levels, extensive land vea needs, and the much reduced importance of air emissions, fuel delivery, and 
fijel and waste handling. If a SEGS plant design incorporates thermal storage rather than auxiliary fiiel 
back-up, concerns over fuel related siting characteristics can be eliminated altogether. 

Based on the experiet^ of developing and evaluating numerous sites for SEGS plants over the past 
decade, siting issues can be put in categories of relative concern. Table ES-4 presents fifieen (15) siting 
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factors, categorized into three distinct levels of importance, as guidelines in screening potential sites for 
SEGS-type development in Hawaii. These groupings are based on technical potential. Characterization 
of these factors on some other basis—for instance, political or environmental potential—would probably 
lead to a reclassification of the relative importance of some siting factors. 

This overall set of siting factors would be of general relevance for SEGS projects anywhere on the globe; 
however, the relative influence of individual siting faaors may be rearranged. For example, land use and 
cost, which are not of great significance for remote desert sites on the mainlartd, are unquestionably 
primary issues on the Hawaiian Islands. In a detailed comparative siting analysis focused on a small 
number of sites, economic values would be assigned to all of the siting factors, where possible, and a 
quantitative trade-off study would be carried out In a broader, more preliminary assessment of this type, 
the evaluation of potential sites using these siting criteria lean more heavily on subjective judgment 
developed from the extensive SEGS experience supplemented, to the extent possible, by site visits and 
cost estimates specific to Hawaii. 

Few, if any, areas in Hawaii embody every desirable characteristic for a solar thermal electric plant at a 
single site. Hence, the evaluation of siting criteria is an important yet sensitive step in the assessment of 
SEGS potential in Hawaii. 

Table ES-4. Siting Factors for SEGS Power Plants in Hawaii 

Primary 
Insolation 

Topography/Geology 
Water/Waste water 

Land Use/Cost 
Electric Transmission 

Secondary 
Back-up/Storage 

Natural/Military Hazards 
Surface Hydrology 

Air (Quality 
Biology 

(^nosion 

Tertiary 
Accessibility 
Labor Pool 

Legal Issues 
Political Issues 

(Note: Groupings are based on authors' assessment of technical impact; different criteria or local input 
LDCorpcrating a diverse spectrum of interests may lead to reclassification of some siting factors.) 

Site Evaluation Methodology 

The initial step in the site selection procedure was a prelinunary screening process which identified 
several general candidate areas on each of the five islands under consideration. The screening was 
prindpally based on solar radiation level, topography, and incompatible land use. The next step entailed 
evaluation of the candidate sites over the broad rangeof siting issues listed in Table ES-4. For each site, 
relative scores were assigned to each siting factor. The scores ranged from 1 (worst) to 5 (best). A score 
of zero (0) indicates that the particular siting issue was regarded as a fatal flaw. 

Appropriate weighting factors were developed based on the perceived importance of each siting factor 
with respect to economic impact. The relative impact of the three categories of siting criteria were 
arbitrarily assigned relative weightings of 75 for all primary &aors. 15 for aU secondary factors, and 10 
for all tertiary factors. The sum of all weighting factors is 100. The weighting fsctors for primary siting 
criteria were rooted in actual costs for mainland SEGS projects which were then adjusted, to the extent 
possible, to reflect Hawaiian conditions. Secondary and tertiary factor weightings resulted from our best 
judgment of their relative importance. Weightings assigned to each siting factor may differ if based on 
local opinion. 
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The product of the weighting factor and siting factor raw score yielded a weighted score for each of the 
siting criteria. By summing the weighted siting factor scores, a cumulative relative score was obtained for 
each site. Since the final scores are strongly influenced by subjective judgments, their absolute values are 
less important than their use in showing the relative attractiveness of the sites. Hence, the results of the 
evaluation have been used to classify tix sites into three general categories: preferred, acceptable, and not 
recommended. ?^ 

Selection of Candidate Sites 

The matrix presented in Table ES-5 summarizes the results of the site selection. The matrix contains a 
unique line for each candidate site. The number immediately following the site name is the total relative 
score. Each line also contains value assignments for each primary, secondary, and tertiary siting factor. 
The weighting for each siting issue is included at the top of each column, immediately below the siting 
factor heading. The total relative score is obtained by summing all of the weighted siting &aor scores for 
a particular site. The matrix also contains sub-totals for the cimiulative impact of all primary siting 
factors, and a sub-total for the collective impact of all secondary and tertiary siting factors. 

Since the maximum raw score is 5 in all cases, and the total siting &ctor weighting is 100, a hypothetical 
site which embodies exceptional qualities for each siting factor would produce a perfect total relative score 
of 500. An average site, that is a site which had typical characteristics of a candidate SEGS site scored as 
3'sforevery siting &dor, would produce a total relative score of 300 (3 x 100). Any site which includes a 
zero (0 = fatal flaw) as a score for any siting fcictor in the matrix is dropped from further consideration as 
a SEGS site. 

The importance of the results of this site selection process is the orgaruzation of sites into several groups, 
rather than a sequential ranking of absolute scores. We emphasize that the techruques employed in this 
assessment rely more on subjective judgment based on experience than detailed site-spedfic information. 
The results of the matrix have been grouped into three categories: Preferred, Acceptable, and Not 
Recommended. The breakpoints chosen for these classifications are: 

Preferred 
Acceptable 
Not Recommended 

Total score >= 325 
275 < Total score < 325 
Total score <= 275. 

Applying the grouping breakpoints to the candidate sites which were considered yields the 
recommendations contained in Table ES-6 and shown in Figure ES-2. 

Table ES-6. Site Sdection Results 

Preferred 
Pearl Harbor Blast Zone (Oahu) 

Ewa Plain (Oahu) 
Waikaloa (Hawaii) 

Keahole Point (Hawaii) 
Old Airport (Maui) 
Mana Plain (Kauai) 

Acceptable 
North Ewa Plain (Oahu) 

Lualualei (Oahu) 
Kihd (Maui) 

Kahului (Maui) 
Palaau Flat (Molokai) 

SW/W Molokai (Molokai) 

Not Recommended 
Wailua (Oahu) 

Kahuku Point (Oahu) 
South Point (Hawaii) 
Saddle Road (Hawaii) 

Lahaina (Maui) 
Poipu (Kauai) 

North Kohala (Hawaii) 
Kau Desert (Hawaii) 

Under the stria application of the grouping breakpoints, the North Kohala site on Hawaii would be a 
preferred site. However, due to the excessive slope (10%) at that site, topography was judged to be a fatal 
flaw. The Kau Desert site, also on Hawaii, was dropped from consideration since we believe that the 
siting of a SEGS power plant in a National Park would be unacceptable. 
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Table ES-5. Evaluation Matrix for Candidate SEGS Sites In Hawaii 
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The levelized cost of electricity from a SEGS plant is determined from, among other contributions, the 
projected performance and estimated capital cost of the facility. An important element affecting both of 
these is the economy of scale improvements associated with increasing the size of the plant. Larger plants 
lead to lower unit costs and have higher turbine efficiencies than smaller plants. The envisioned plants 
located on both Oahu (80 MW) and Molokai (80-200 MW, assmrung an Oahu-Molokai transmission 
cable) will benefrt from the economy of scale factor relative to the smaller facilities which are envisioned 
for sites on Kauai, Maui, and Hawaii. This impact has not been reflected in the site selection process. 

ECONOMIC ANALYSIS 

Method of Analysis 

A major consideration in the assessment of the SEGS viability in Hawaii is the analysis of the cost of 
energy or electricity produced by the system. Comparing the electricity costs of various generating 
systems is not as simple as it might first appear. To perform a mearungfiil comparison of SEGS syslem fj 
cost to that of conventional (or even non-conventional) alternatives, we must not only specify the | 
assumptions in a detailed way. but we must also specify the type of analysis to be used. It is in this last 
area that confusion often arises. 

For purposes of this section of the report, we will use levelized nominal bus bar power costs. Our analysis 
includes the following basic assumptions: 

It is assumed that the project is owned by the utility and Qot by an independent third party owner 
or Independent Power Producer (IPP). This has financial implications (affecting the cost of debt 
and equity and choice of discount rate among others) and tax implications (since utilities are not 
eligible for the Federal Business Energy Tax Credit or accelerated depreciation). 

The comparisons are made using a constant capacity factor of 35% for both the SEGS and the 
conventional systenL It is assumed that the SEGS would achieve the 35% capacity factor by 
burning additional fossil fuels and that the conventional system would be dispatched to achieve 
35% capacity factor. 

This comparison is not meant to be the kind of detailed analysis that a utility would use before making a 
final decision on a power plant (such an evaluation would include use of a sophisticated production cost 
simulation model, for example); rather, it is meant to be a screening analysis of the type that a utility 
would use as a flrst'Cat determination. The approach is to first determine the assumptions that would 
place SEGS in the range of economic competitiveness and then to do more detailed analysis if 
appropriate. 

The analysis was carried out with a simple spreadsheet model that calculates the levelized bus bar 
electricity costs (bu5 bar refers to the fact that we are assessing the cost of power at the plant's bus bar as 
contrasted to the cost of power delivered to any specific point on a utility system). The input consists of 
key teclmical characteristics and economic assumptions pertinent to the utility. The model performs a 
year-by-year analysis for both a SEGS and a fossU fueled plant, calculating a bus bar cost of electricity in 
each year. A single annual cost of electricity is then determined which has the same net present value as 
the escalating stream of aimual revenue requirements. This is the levelized bus bar electricity cost. 

The eoonomic analysis assumptions that are common to all the cases considered are presented in Table 
ES-7, using data supplied by HECO. The relatively high diesel fuel cost is only stricfly applicable to the 
islands other than Oahu, where diesel fuel is the incremental fiiel source. These values were used for all 
cases, however, to see if SEGS would be competitive under such fovorable (for solar) assumptions. 
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Results 

Table ES-8 presents the base case results for the analysis. As shown, the lowest cost SEGS configuration 
(die 80 MW SEGS with a cost of S0.254/kWh) is about 28% higher in cost tiiat the highest cost fossil 
coi^guration (the Combustion Turbine with SCR at $0.198/kWh). A more realistic comparison (for 
Oahu) would conti^st an 80 MW SEGS with a 56 MW Combined Cycle, revealing the SEGS to be some 
68% more expensive. Or, for a neighbor island, one could compare a 30 MW SEGS with a 20 MW 
CT/SCR, with the SEGS being some 44% more expensive. Given that these results do not appear to be 
promising for SEGS, a series of sensitivity analyses were nm to determine if any reasonable change in the 
assumptions would alter this result 

The parameters used in the sensitivity analysis were fuel price, fiiel escalation rate. Federal energy tax 
credit, proper^ tax exemption for solar focilities, a penalty on the fossil fiieled options due to an 
assessment on environmental externalities. SEGS cost and SEGS performance. With regard to fiiel price, 
the results indicate that a friel price of $13/MMBTU (or about $78/barreI) would be required for the 80 
MW SEGS to be competitive with the 70 MW CT. Alternatively, we would estimate that a SEGS capital 
cost of $l,600/kW would be required for the SEGS to be competitive under base case assumptions. It was 
also found that a fiiel price escalation rate of 12% or more would be required for an 80 MW SEGS to be 
competitive with the smallest and most expensive combustion turbine option. These rates are in contrast 
to our most recent history of zero growth (and even decline) in oil prices, and would be some 7% above 
assumed inflation. 

Adding consideration of environmental externalities adds about a l.S^/kWh increase in the levelized cost 
of the fossil fired options relative to the SEGS optioiL The property tax exemption substantially improves 
tiie economics of SEGS, subtracting approximately 2.5-3.0^ykWh from the levelized cost of SEGS 
electricity. For an Oahu application, a SEGS would still not appear to be competitive with a combined 
cycle plant for reasonable values of fiiel price escalation (we calculate that a fiiel price escalation rate of 
about 16% would be required to make the 56 MW Combined Cycle plant more expensive than the 80 MW 
SEGS including the impact of all externalities and tax benefits). For a neighbor island plant, inclusion of 
environmental externalities and a property tax exemption would appear to make the 30 MW SEGS plant 
competitive with the 20 MW CT/SCR assuming a fiiel cost escalation rate of about 11%. 

Examining the impaa of the various incentives on an 80 MW SEGS. at a fiiel escalation rate of 6%, the 
effects on the levelized cost of electricity were found to be: 

Without Hawaii ETC: $0.281/kWh 
Base Case 0.271 
With Federal ETC: 0.267 
With Property Tax Exemption: 0.246 
With both Fed ETC + Prop Tax Exemption: 0.242 

Further consideration was also given to significant variations in capital cost and performance (reflected by 
the capacity factor) of the SEGS plant These results showed the following extremes: 

Solar 
Capital Cost Capacity Factor Levelized Electricity Cost 

$2,000/kW 0.25 $0. l6/kWh 
5.000 0.15 0.31 

The 25% capacity factor represents the best that could be achieved in the California desert without 
thermal storage. In Hawaii, a 20 % capacity factor would be excellent without thennal storage, while 
higher values might be achieved with storage, but at a higher capital cost. 

Kearney & Associates SEGS Assessment — State of Hawaii 
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CONCLUSIONS OF THE OVERALL ASSESSMENT 

Based on all aspects of this assessment the following conclusions can be drawn regarding the viability of 
SEGS plants in the State of Hawaii: 

Suitable sites exist on the leeward sides of the major islands. 

Electric utility resource plans point to SEGS capacities of 30 MWe or smaller (except on Oahu 
for which an 80 MWe plant is suitable). Capital costs are significanUy increased relative to the 
latest California SEGS plants due to physical siting characteristics, shipping, taxes and labor 
adjustment factors. 

The solar resource applicable to SEGS plants in Hawaii is about 25-30% lower than the Mojave 
Desert on an annual basis, leading to solar performance reductions possibly as high as 40-50%, 

The base case economic analysis finds that SEGS plants do not currentiy appear to be a cost-
effective solar applications for the State of Hawaii. 

Inclusion of commonly discussed incentives for renewable energy technologies such as tax 
credits, property tax exemptions and incorporation of environmental externalities into 
generation plaiming improve the economics for SEGS but do not change this conclusion. 

The prindpal reasons for the un&vorable economic results are the higher capital costs and lower 
system performance projected for SEGS plants in Hawaii, even those located in the preferred 
sites. Significant capital cost reductions compared to current projections appear necessary to 
alter this finding. 

It is important to bear in mind that these conclusions are drawn for SEGS plants only, and do not purport 
to reflect on the viability of other solar systems (such as photovoltaics) or even other solar thermal systems 
(such as parabolic dish Stirling concepts or industrial process heat appUcations), which have different cost 
and performance characteristics. 

Table ES-7. Economic Assumptions Common to All Cases 

Fixed Utility Parameters 
(same values used for all base case analyses) 

Fuel C:ost (1992 Value. $/MMBm) 
Fuel Cost Escalation Rate, % 
O&M Cost Escalation Rate, % 
Fixed Charge Rate (Before Tax Cost of Capital), % 
Discount Rate, % 
Property Tax + Insurance Rate, % 
Utility's Federal Income Tax Bracket % 

4.99 (diesel) 
5.50 
5.00 
10.48 
10.48 
3.00 

34.00 
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Table ES-8. Economic Analysis Assumptions and Base Case Results 

Pa^unetc^ 

Unit Size (MW) 
Capital Cost (1992 StW) 
Solir Output (MWh/yr) 
Animal Capacity Factor (H) 
Solir CipKity Factor (H) 
Fuel Capacity Factor (V«) 
Full l̂ oad Heat Rate (Btu/kWh) 
Fixed O&M CofU (mUU/kWh) 
Viriible OftM Cotfi (mUU/kWh) 
Sute Solar Eno-Ry Tax Credit (%) 
LeveUxed Bm Bar ElcctHctty Coat" 

(S/kWh) 

CT20 

20 
1300 

0 
33 
0 
35 

10970 
33.86 
4.06 

0 
0.169 

CT20 
w/SCR 

20 
1710 

0 
33 
0 

33 
10970 
31.41 
8.28 

0 
0.198 

CT70 

70 
710 
0 
33 
0 
35 

13043 
12.29 
7.33 

0 
0.158 

CCS6 

56 
1373 

0 
35 
0 
35 

8070 
32.59 
3.04 

0 
0.1 SI 

SEGSI5 

13 
3000 
19710 

33 
15 
20 

13800 
99.33 

0 
33 

0J33 

SEGS30 

30 
4420 

43990 
35 
17.5 
17.5 

11800 
90.00 

0 
33 

0J86 

SEGS80 

80 
3845 

126143 
35 
18 
17 

11300 
81.13 

0 
35 

0JS4 

SEGS200O 

200 
4870 

331130 
35 
18.9 
16.1 

10950 
76.60 

0 
35 

0J92 

Notes: a) CT - combustion turbine 
b) SCR - selective catalytic combustion 
c) CC - combined cycle 
d) SEGS 200 case includes S320 milUon (S1600/kWh) for 800 MW Molokai lo Oahu cable. 

Without this full cable cost the levelized bus bar electricity cost would be $0.223/kWh. 
e) These results include the Hawaii state ETC for the SEGS cases. Without this credit, the 

levelized bus bar electricity costs would be approximately I cent higher for the SEGS cases. 
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[. INTRODUCTION 

During recent decades, the state of Hawaii has experienced rapid economic and population growth. 
Consistent with these developments have been commensurate increases in the state's appetite for energy. 
Hawaii, which has no local fossil fuel reserves, imports petroleum to supply over 90% of its energy needs. 
The near total dependence upon this non-native energy source has rendered the state increasingly 
vulnerable to the whims of the global oil market. The desire to diversify local energy supplies, coupled 
with increased concerns for the environment, have instilled among residents of Hawaii an intensified 
interest for the development of domestic altemative energy sources. 

Spurred by the oil crisis of the early 1970's. Hawaii undertook numerous projects to produce electricity 
using a diverse range of alternative energy technologies. Pilot projects evaluating geothermal, ocean 
thermal, wind, solar, and biomass energy conversion were initiatul during the 1970's. Aside fi-om 
biomass energy-which. as a by-produa of the local sugar industry, has long been an important source of 
electricity production in Hawaii-none of the technologies have yet proven to be reliable and significant 
sources for electricity. Meanwhile, the slate's dependence on imported oil has continued to increase. 

In 1990, given the continued and growing need to develop domestic altemative energy sources, the State 
of Hawaii's Department of Business and Economic Development (DEED) contracted Luz International 
Limited to assess the technical and economic feasibility of their successful Solar Electric Generating 
System (SEGS) technology in the Hawaiian Islands. Since 1985. Luz had developed and operated nine 
large solar power plants in California's Mojave Desert. The cumulative firm capacity of the SEGS plants 
which are currentiy in operation, 354 MW in all, represents over 90% of all of the commercial solar 
electric generation in the world. The total electrical capacity of these facilities is equivalent to 19% of the 
total electric capacity of the entire state of Hawaii. Following the demise of the Luz group of companies 
in 1991. this assessment was continued by ex-Luz stafif in order to fully utilize the experience of the SEGS 
developments. 

The SEGS technology was developed to provide reliable solar themial peaking power for electric utilities 
in southern California. To achieve this level of reliability, the SEGS concept incorporates a conventional 
Rankine primary steam cycle, a common power cycle which is utilized by most large oil. natiiral gas, coal, 
and nuclear power plants. Sunlight, the primary heat source for generating steam in a SEGS plant, is 
concentrated and absoibed by line-focusing parabolic troughs organized into rows in a large solar array 
field. Heat transport fluid (HTF) pumped through the solar field carries absorbed heat to the centrally 
located power block, where a conventional steam boiler and turbine-generator convert the thennal solar 
energy into electricity. For increased reliability and flexibility, an auxiliary fiiel-fired heater is added to 
the system to provide supplemental HTF heating when the sunshine is inadequate to provide the desired 
plant output. 

Hawaii has plentiful sunshine, high fiiel costs, a need for new capacity, and significant concerns with 
respect to environmental quality and security of its energy sources. Large-scale solar thermal plants 
appear to ofifer an excellent solution to each of these concerns. A meaningful analysis, however, demands 
a closer look. To this end. the overall SEGS assessment for Hawaii evaluates the economic and 
technological potential of utility-scale solar thennal electric plants on the islands, focusing on the issues of 
siting, design, utility requirements, operating characteristics, performance, and cost It is stressed that 
this study pertains to SEGS development only, and that the results herein should not be extrapolated to all 
solar electric technologies. Other types of solar electric generation, such as photovoltaics or Stirling 
engine-parabolic dish systems, are govemed by somewhat different criteria and their potential success in 
Hawaii must be evaluated under the circumstances applicable to their respective technology. 

]̂ h 
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Assessment Methodology Artd Report Organization 

The assessment was carried out by first examining the utility needs on the major islands through a 
categorization of installed capacity, power purchase commitments and resource planning. Next, an 
evaluation of SEGS technology for Hawaii yielded capital costs estimates for Hawaii conditions, as well as 
electrical generation performance projections based on a careful evaluation of potential solar resources on 
the major islands. In parallel, preferred SEGS sites were identified based on an appraisal of numerous 
siting issues. Lastiy, a preliminary economic analysis of levelized electricity costs was made to oompare 
SEGS plants in Hawaii with conventional electric generation options. Figure I-l illustrates this 
integration of the various issues into a unified assessment of the value of SEGS technology in Hawaii. 

This report follows the sequence of steps described above. First, the utility demand requirements are 
described in Section n. leading to a selection of suitable SEGS capacities for different utilities. Next, 
Section in reviews SEGS design features, including performance and cost estimates for Hawaiian 
conditions. Section IV reviews siting criteria and develops a matrix of potential sites, ending with 
recommendations for preferred sites. Based on these various components. Section V evaluates the cost of 
electrici^ fiom a utility viewpoint. Finally, a set of conclusions are presented in Section VI. 

Figure I-l. Features of the SEGS Assessment 
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II. UTILITY REQUIREMENTS 

BACKGROUND 

The purpose of this section is to evaluate Hawaiian electric utility requirements and to examine the 
general suitability of solar thermal power plants to meet the future needs of electric utilities in Hawaii. 
Since the islands of Hawaii are not electrically interconnected, determination of the applicability and cost-
effectiveness of SEGS must be conducted on an island-by-island basis. For each island, the resident 
utility's current system and future needs for new capacity are examined. 

The prospect of future inter-island electric transmission introduces expanded opportunities for SEGS. 
Recent utility smdies which examined inter-island cables in conjunction with specific generation projects 
have not proven feasible for the near term. Consistent with these findings, SEGS scenarios involving 
inter-island transmission are identified in this report as possible future options but are not evaluated in 
depth. 

A major consideration influencing SEGS economics is the optimum size of the plant. Economies-of-scale 
applicable to both capital cost and operation and maintenance requirements result in increased cost-
effectiveness for the larger plants. The 80 MWe plant capacity chosen for recent mainland projects may 
well be too large for all but Oahu applications. If neighbor island utilities are restricted to use of smaller 
unit sizes, such plants will have to bear the economic penalty of reduced economies-of-scale. 

Kearney & Associates SEGS Assessment — State of Hawaii 
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CHARACTERIZATIO^ OF THE STATE'S UTILITIES 

Overview 

There are effectively two electric utility companies in the state of Hawaii: Hawaiian Electric Industries, 
Inc. (HEI) and the Kauai Electric Division of Citizens Utilities Company (KE). Kauai Electric provides f5 
electric service to the island of Kauai. With the exception of Niihau which has no electric utility service, ' [ 
the rest of the inhabited islands of the Hawaiian chain have their electrical demand supplied by HEI 
utilities. Hawaiian Electric Industries is a holding company for electric utilities which serve Oahu 
(Hawaiian Electric Company), Maui (Maui Electric Company), and Hawaii (Hawaii Electric Light 
Company). Molokai Electric Company, which serves the small rural population on the island of Molokai. 
was recenUy added to the HEI system as a division of Maui Electric Company. Maui Electric also 
maintains a division oti the island of Lanai. 

Since there are cunenUy no inter-island electric transmission facilities in the stale, each island in Hawaii 
is electrically isolated and presents unique development opportunities for SEGS power plants. Each 
subsidiary electric company and individual island electric division within the HEI utilities system will be 
treated hereafier as a separate entity. 

The following section provides a characterization of the respective electric entities in Hawaii. Efforts have 
been made to make this information as current as possible. The possibility exists that some 
inconsistencies may be present since di£ferem sources have been used. The format includes a 
comprehensive listing of utility-owned installed capacity as well as firm purohase power contracts with 
non-utility power producers. These two items represent the total installed firm capacity available to a 
utility. 

It is noted that a substantial component of the electricity generated in Hawaii is purchased power from 
both conventional and renewable energy sources. Much of this generation is non-firm power. Although 
significant firom an energy standpoint, non-firm power caimoi be scheduled dependably and therefore is 
not reflected in the totals for dispatchable generation capaci^. When available, the aimual energy 
contributed by major non-firm power producers has been appended to the table of firm purchase power 
contracts. HistoricaUy, the majority of purchased power in the state is from the burning of bagasse (sugar 
wastes) by sugar processing mills. The current ratios of total purchased power (firm + non-firm) to total 
net electric generation range from about 12% on Maui and Oahu, to over 25% on Hawaii aiui Kauai. 

Additional materials presented for each utility in this section include a system transmission map and 
figures depicting utility peak demand by month and typical daily summer and winter load profiles. The 
monthly peak demand plots presented for each utility are based on actual data for Kauai (1991) and 
projected dau for Oahu (1990), Maui (1990), Hawaii (1990) and Molokai (1991). The typical load 
profiles are based on average houriy weekday data for a representative summer month (August for KE, 
July for all others) and winter month (November for KE, December for all others). Typical daily load 
profiles for weekends, which are not presented here, are similar in shape but exhibit a lower daily peak 
than the counterpart weekday profiles which are presented. The degree to which weekend peaks are lower 
than weekday p^ks generally ranges fi-om about 5-15% for all utilities. 

Kearney & Associates SEGS Assessment— State of Hawaii 
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HA yVASIAN ELECTRIC COMPANY (HECO) 

Description 

Hawaiian Electric Company (HECO) serves the electric needs of the island of Oahu and is the largest 
electric utility in Hawaii. While HECO affiliates provide electric service for the majority of the rest of the 
state, the information presented herein for HECO is restricted to the island of Oahu. Honolulu, the only 
major city in the state, provides HECO with industrial and commercial electric loads not widely 
represented on the other islands. The congested Waikiki-Diamondhead area, wiUi its vast number of hotel 
rooms and extremely high real estate values, poses special problems for electric distribution and litUe 
opportunity for proximate generation facilities. 

Hawaii's petro-chemical industries are located in southwestern Oahu. The majority of HECO's electric 
generation facilities are located in this general area and utilize petroleum products as fuel. Electric 
generation on the eastern (Diamondhead) side of Oahu would be desirable. A HECO system transmission 
map, included as Figure U-l. shows the utility's transmission network and existing power plant sites. 
Table II-l describes HECO's installed capacity while Table n-2 summarizes the utility's firm purchase 
power contracts. 

Discussion of Load ProfUes 

With moderate year-round temperatures, electiric usage patterns on Oahu change littie over the course of 
the year. In contrast to mainland utilities whose seasonal load fluctuations are principally driven by 
climate control equipment, electric demand fluctuations in Hawaii are attributable to rather subtie 
seasonal changes in lifestyle. The modest space heating and air conditioning loads on Oahu are mainly 
limited to hotels and large commercial spaces. Principal residential loads are water heating, refiigeration, 
cooking, and lighting. 

HECO's summer diurnal demand profile of Figure II-2 shows a rapid increase in demand during the 
morning hours, as Oahu's citizens arise and go to work. The load remains quite flat over the course of the 
day, drops off after 4 p.m. as offices start to close, then bumps up by about 30 MW (3%) briefly in the 
early evening reflecting increased electrical usage associated with the preparation and clean-up of the 
evening meal. The profile is soikingly similar in winter, except that the magnimde of the relatively 
constant daytime demand is about 50 MW (5%) lower, partially attributable to lower air conditioning 
requirements, and that the evening "diimcr time" peak is broader and more pronounced — a 110 MW 
(11%) spike lasting 2-3 hours. The increased evening demand evident in winter is driven by the shorter 
wimcr day length, which influences inany residents of Hawaii to eat earlier and on a more routine 
schedule. In summer, residents are afforded more recreational opportunities and the lessened summer 
evening demand spike reflects a greater flexibility in lifestyle during the longer summer days. 

HECO's monthly peak demand, which varies by less than 15% over the entire year, has been plotted in 
Figure fI-3 so as to magnify month-to-month fluctuations. Highest demand occurs in November and 
December when early evening holiday season activities such as parties and shopping combine with 
elevated "dinner time' peaks. Among the more unusual sources of increased fkllAvinter demand identified 
by HECO in recent years was the discemable increase in demand which coincided with the telecast of a 
popular TV program in Hawaii — ABC's Monday Night Football. Since Hawaii's primary industry, 
tourism, is strong year round, it does not greatly influence seasonal fluctuations in demand. The reduced 
electric peaks occurring in spring are thought to be attributable to the milder temperature and humidity 
ranges which prevail during these months. 

Kearney & Associates SEGS Assessment — State of Hawaii 
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T*ble II-l HECO Current InsUUed Capacity. ToUl = 1260 M W 

Location-Type-Unit (year it^stalled) 

Honolulu (on Honolulu Harbor) 
Steam Turbines 

Unit 8 (1954) 
Unit 9 (1957) 

Waiau (Pearl Oty) 
Steam Turbines 

Unit 3 (1947) 
Unit 4 (1950) 
Unit 5 (1959) 
Unit 6(1961) 
Unit 7 (1966) 
Unit B (1968) 

Combustion Tuibines 
Unit 9 (1973) 
Unit 10 (1973) 

Kahe (WaUnae) 
Steam Turbitw 

Unit 1 (1963) 
Unit 2 (1964) 
Unit 3 (1970) 
Unit 4 (1972) 
Unit 5 (1974) 
Unit 6 (1981) 

Fuel 

L S F O " 
LSFO 

LSFO 
LSFO 
LSFO 
LSFO 
LSFO 
LSFO 

Diese l "* 
Diesel 

LSFO 
LSFO 
LSFO 
LSFO 
LSFO 
LSFO 

Unit MW 

58 
58 (57)* 

50(49) 
50(49) 
58(57) 
58 
92 
92 

52 
50 

92 
90 
92 
93(7) 

146 (142) 
146 (142) 

TypeMW 

116 

400 

102 

659 

Location MW 

116 

502 

659 

* HECO's toul insuUed capacity as of 3/31 /92, rcAecting nscent denting of many of HECO's older turbines (partial 
infonnation supplied by HECO on 6/1/92 has been induded parenthetically above); the listing above w u current 
as of April 1991 but does not reflect the dented valuesof Individual units, hence, the arithnwtic sum 11277 MW)of 
dw uniu listed above is erroneous and o ^ n u t e s HECOs capadty by 17 MW. 

** LSFO - Low Sulfur Fuel Oil (equivalently: No. 4 Fuel Oil) 

• " Diesel (equivalently: No. 2 Fuel Oil) 

Souras: HEC01990 Electric Utility Syttem Cost Dau, |uly 1990; HECO Resource t^an 3/31/92; HECO 
correspondenoe April-juty 1992. 

Table 11-2. HBCO Cttnently Effective Firm Puichaaed Power Contracts: Total ^ 360 MW 

Name (Location) Fuel Firm MW GWh/yr 

Finn: 
Kaleaeloa Partners(Barber's Point) 

AES (Barber's Point) 
LSFO 

LSCoal 
180 
180 
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MAUI ELECTRIC COMPANY (MECO) 

Description 

Maui Electric Company provides electric service for Maui County. The island of Lanai is served by 
MECO's Lanai Division, while Molokai is served by MECO's Molokai Division. The remaining island in 
Maui county, (Cahoolawc, is uninhabited and has no electric service. This sub-section will be restricted to 
MECO's operations on the island of Maui. MECO's Molokai Division will be treated as a sepaiaie sub­
section; discussion of the Lanai Division will be limited to a listing of current installed capacity and a 
mapping of the island's electric distribution system. 

A map of MECO's transmission system on the island of Maui is included as Figure U-4. The island of 
Maui is composed of two shield volcanos connected by a flat isthmus. Much of the island's population, 
industry, and agricultuic are located in this flat area between the volcanos. MECO's two electric 
generation facilities are located on opposite sides of the isthmus at Kahului and Maalaea. Table II-3 
describes MECX)'s installed capacity at these locations while Table 11-4 summarizes the utility's firm 
purchase power contracts. 

The West Maui coast and the Kihei area on the western shores of Haleakala have experienced dramatic 
load growth over the past 20 years due to major development of the tourist industry. Future generation 
additions in these areas would be desirable. 

s 

Discussion of Load Profiles 

Maui exhibits electric usage patterns which are very similar to those discussed for Oahu (HECO). 
Although Maui has a greater range in elevation and climate, the vast majority of Maui's residents live at 
elevations which embody climates similar to those found on Oahu. Simitar to HECO, MECO's diurnal 
demand profiles reflect increased electrical usage associated with dinner (Figure US). The evening 
"dinner time" spike in winter is about 17 MW (13%) while in summer it is only about 5 MW (4%). The 
relatively constant daytime demand is nearly identical in both summer and winter, perhaps reflecting less 
commercial air conditioning loads on Maui than on Oahu. MECO's monthly peak demand varies by 15% 
over the entire year (Figure 11-6). The highest demand occurs during the December holiday season while 
the lowest demand occurs in May. 
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Table U-3 MECO Current Installed Capadty: Total o 14331 MW 

l.ocation-Type-Unit 

Kahului Harbor Gmerating Plant 
Steam Turbines 

U n i t i 
Unit 2 
Un i t s 
Unit 4 

Maalaaa 
Diesel Plants 

U n i t i 
Unit 2 
Unit 3 
Unit 4 
Unit 5 
Unit 6 
U n i t ? 
Units 
Unit 9 
Unit 10 
Unit 11 
Unit 12 
Unit 13 
Unit XI 
Un i tX2 

Fuel 

MSFO-
MSFO 
MSFO 
MSFO 

Diesel 
Diesel 
Diesel 
Diesel 
Diesel 
Diesel 
Diesel 
Diesct 
Diesel 
Diesel 
Diesel 
Diesel 
Diesel 
Diesel 
Diesel 

Unit MW 

5.90 
6.00 

12.70 
13.00 

2.75 
2.75 
2.75 
6.16 
6.16 
6.16 
6.16 
6.16 
6.16 

13.75 
13.75 
13.75 
13.75 
2.75 
2.75 

T v p c M W 

37.60 

105.71 

Location MW 

37.60 

105.71 

* MSFO - Medium Sulfur Fud Oil (equivalenUy: No. 6 Fud Oil. Bunker C Residual, Industrial) 

Sounx MECO 1990 Etectric UHUty System Cost DaU. |uly 1990 

Table C-4 MECO Currently Effective Firm Purchase Power Contncis: Total > 12 MW 

Name (Location) 

Firm; 
Hawaiian Commercial & Sugar (Keahua) 

Not-firm: 
Hawaiian Conuncrcial ic Sugar (Keahua) 
Pioneer Mill Company (Lahaina) 

Fuel 

bagasse 

bagasse 
bagasse 

FirmMW 

12 

4 (standby) 
8 (standby) 

CWh/ycar 

-

-
-
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MECO. MOLOKAI ELECTRIC DIVISION (MOECO) 

Description 

Molokai Electric Company, which became a division of Maui Electric Company in 1989. supplies 
electricity to the predominantly rural population on the island of Molokai. Although the island's economy 
has been depressed for many years, there is nevertheless strong opposition to extensive rcsori development 
which has proliferated in other areas. MOECO's electric rates are the highest in Hawaii. Table U-S 
describes MOECO's installed capacity while Table II-6 summarizes the utility's purchase power contracts. 
Figure II-7 presents a map of the transmission system on Molokai. 

Discussion of Load Profiles 

In spite of its small population and intrinsically niral character, Molokai's electric demand profiles are 
quite similar to those presented for Oahu (HECO). MOECO's diurnal demand profiles (Figure Q-S) are 
relatively flat throughout the day. then reflect increased electrical usage associated with diimer. The 
evening "diimer time" spike in winter is over 1 MW (25%) and is evident for 4-5 hours. In summer, 
elevated evening demand is only about 0.3 MW (8%). The relatively constant daytime demand is nearly 
identical in both summer and winter. This fact reflects the near total absence of climate control loads on 
Molokai. MOECO's monthly peak demand (Figure 11-9) varies by 20% over the entire year and clearly 
reflects the usage trends of the dominant residential sector. Seasonal lifestyle changes associated with day 
length impact the relative "dinner time" peak which drives the peak demand throughout the year. 
MOECOs highest demand occurs during the November-December holiday season (shortest days of year) 
while the lowest demand occurs during the mid-summer months of June aiul July (longest days of year). 

Table D-S MOECO Current Installed Capacity: Total o 7.7 MW 

Location-Type-Unit 

palaau 
Diesel Plants 

U n i t ! 
Unit 2 
Units 
Unit 4 
Unit 5 

GasTurbiiK 
U n i t ! 

Fuel 

Diesel 
Diesel 
Diesel 
Diesel 
Diesel 

Diesel 

Unit MW 

U 9 
1.29 
0.97 
0.97 
0.97 

2.20 

TypcMW 

5.49 

2.20 

Location MW 

7.70 

Source: HECO System Planning Depaitment, May 1,1991 

Table n-6 MOECO Currently Effective Firm Purchase Power Contracts: Total = 0 MW 

Name (Location) Fuel Firm MW CWh/ycar 

Firm: 
None 

Not-Rrm: 
Various 11.5 
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Figure U-8 MOECO Typical Dally Load ProGles by Season (based on historical data for 1989) 
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Figure II-9 MOECO Peak Demand by Month (based on projected 1991 data) 
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MECO, LANAI DIVISION 

Description 

The island of Lanai, also known as "Pineapple Island", is almost entirely owned by CasfX̂  and Cooke, Inc. 
(Dole Pineapple Company). In 1988, Dole sold their electric generation facilities to Maui Electric 
Company. Since that time, resort developments on Lanai have been plarmed. MECO, expecting 
substantial increases in electric demand, responded by adding one additional diesel plant at Mild. Current 
plans call for the old Lanai City Plant to be gradually retired. Ldnai's topography, small electric demand, 
and current over-capacity do not lend themselves to significant SEGS opportunities. Further discussion of 
Lanai will be limited to a listing of current installed electric generation (Table n-7) and presentation of a 
system distribution map (Figure 11-10). 

'•n 

Table 11-7 MECO, Lanai Division, Current Installed Capacity: Total B 9.71 MW 

Location-Type-Unit 

Lanai Q t y 
Diesel Plants 

U n i t i 
Unit 2 
Unit 4 
Unit 7 
Un i te 

Miki 
Diesel Plants 

Unit 1 
Unit 2 
Un i t s 
Unit 4 
Unit 5 
Unit 6 

Fuel 

Diesel 
Diesel 
Diesel 
Diesel 
Diesel 

Diesel 
Diesel 
Diesel 
Diesel 
Diesel 
Diesel 

Unit MW 

0.6S 
0.68 
0J5 
1.00 
1.00 

1.00 
\J30 
1J)0 
l i W 
1.00 
1.00 

TypeMW 

y 7 \ 

6.00 

Location MW 

3.71 

6.00 

Sourer: HECO System Planning Department, May 1, 1991 
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HA WAH ELECTRIC LIGHT COMPANY (HELCO) 

Description 

Electric service for the island of Hawaii is provided by the Hawaii Electric Light Company. The "Big 
Island" of Hawaii comprises nearly two-thirds of the state's land mass. Accordingly, HELCO's service 
territory is by far the largest in the state. HELCO's system transmission network is depicted in Figure 11-
11. Table n-8 describes HELCO's installed capacity while Table n-9 summarizes the utility's firm 
purchase power contracts. 

The major population center of Hilo, a seapori on the island's rainy eastern side, hosts the majority of 
HELCO's generation facilities. In recent years, the suimy Kona coast on the island's western side has 
experienced substantial electric load growth due to increased tourism. Localized load growth, the 
relatively extensive nature of the islaruf s transmission networic. and problems in getting the 25 MW Puna 
Geothermal Venture on line have combined to strain HELCO's current ability to provide electric service 
without occasional brownouts and blackouts. 

Discussion of Load Profiles 

Although the Big Island has a greater range of climatic conditions than Oahu, HELCO's electric demand 
profiles are nonetheless quite similar to those presented for HECO. HELCO's diurnal demand profiles 
(Figure 11-12) are relatively flat throughout the day, then reflect increased electrical usage associated with 
dinner. The evening "dinner time" spike in winter is over 25 MW (23%) and is evident for 4-5 hours. In 
sunmier, elevated evening demand is less than 10 MW (9%). There is a slight difference in nighttime 
demand between surruner and winter of ^wut 5 MW (6%). High elevation areas on the Big Island get 
cold enough on winter nights to require heating. Higher wiater nighttime demand is thought to reflect 
this requirement through winter electric space heating loads. 

HELCO's monthly peak demand (Figure n-13) varies by about 15% over the entire year. Like Molokai, 
monthly peak demand patterns clearly reflect the usage trends of the residential sector. Seasonal lifestyle 
changes associated with day length impact the relative "dinner time" peak which drives the peak demand 
throughout the year. HELCO's highest demand occurs during December (shoriest days of the year) while 
the lowest demand occurs in June (longest days of the year). 

Kearney Sc. Associates SEGS Assessment — State of Hawaii 
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Table U- 6 HELCO Current Installed Capacity: Total = 135.4 MW 

Location-Type-Unit 

Hilo Area (Shiptnan, Kanoclehua, Puna) 

Fuel 

Steam Turbines (Shipman, tCanoelehua, Puna) 
Shipman 1 
Shipman 3 
Shipman 4 
Hi l l 5 
H i l l 6 
Puna 

Combustion Turbine (Kanoelehua) 
C r Number! 

Diesel Plant (Kanoelehua) 
Diesel 11 
Diesel 15 
Diesel 16 
Diesel 17 

Wiamea 
Diesel Plants 

Diesels 
Diesel 9 
Diesel 10 
Diesel 12 
EMesel 13 
Diesel 14 

Keahole 
Diesel Plants 

Diesel 18 
Diesel 19 
Diesel 20 
Diesel 21 
Diesel 22 
Diesel 23 

Combustion Turbine 
CT Number 2 

MSFO 
MSFO 
MSFO 
MSFO 
MSFO 
MSFO 

Diesel 

Diesel 
Diesel 
Diesel 
Diesel 

Diesel 
Diesel 
Diesel 
Diesel 
Diesel 
Diesel 

Diesel 
Diesel 
Diesel 
Diesel 
Diesel 
Diesel 

Diesel 

Unit MW 

3.40 
750 
7J0 

14.00 
23.00 
16.00 

10.00 

2.00 
2.75 
2.75 
2.75 

1.00 
1.00 
1.00 
2.75 
2.75 
2.75 

2.75 
2.75 
2.75 
2.75 
2.75 
2.75 

16.00 

TypeMW 

71.40 

10.00 

10.25 

11.25 

16.50 

16.00 

Location MW 

91.65 

11.25 

32.50 

Scurcc HELCO 1990 Electric Utility System Cost Data, July 1990 

Table II. 9 HELCO Firm Purchaie Power Contracts: Total 28 MW 

Name (Location) Fuel Firm MW GWh/vear 

Firm: 

Hilo Coast Processing 
Hamakua Sugar Company 

bagasse 
bagasse 

18 
10 

87.5 
62 

Kearney & Associates SEGS Assessment — State of Hawaii 
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Figure II-ll Haw*iun Eledric Light Company (HELCO) System Transmission Map 
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Figure U-12 HELCO Typical Daily Load Profiles by Season (based on projected 1990 data) 
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Figure II-12 HELCO Typical Daily Load Profiles by Season (based on projected I990data) 
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Figure U-13 HELCO Peak Demand by Month (based on projected 1990 data) 
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KA UAl ELECTRIC DIVISION O F CITIZENS UTILITIES COMPANY (KE) 

Description 

Kauai Electric Division of Citizens Utilities Company, is the only electric utility in Hawaii which is not a 
member of the HEI utilities system. Kauai Electric provides electric service to the island of Kauai. KE's 
system transmission map is presented in Figure n-14. As Table H-IO describes, KE has only one power 
plant located at Eleele (Fon Allen). This generation is supplemented by numerous purchase power 
agreements (summarized in Table II-ll). The coastal areas in northern and western Kauai, particularly 
Princeville, Poipu and Lihue. have experienced significant recent growth due to resort development. 

Discusaon of Load Profiles 

The electric demand profiles (Figure n>15) for Kauai are quite similar to those disCTisscd for Oahu 
(HECO) — flat daytime usage and increased winter month peak demand reflecting more substantial 
winter "dinner time' peaks. KE's plot of peak demand by mouth (Figure 11-16) is somewhat distorted 
compared to long-term average conditions due to a major new load which came on line during October 
1990. 

Table n-10 KE Current Installed Capadty. Total o 9&55 MW 

Location-Type-Unit (year installed) 

Port Allen Generating Plant (Eleele) 
Diesel Engirw 

Diesel 1 EMD (1964) 
Diesel 2 EMD (1964) 
Diesel 3 EMD (1968) 
Diesel 4 EMD (1968) 
Diesel 5 EMD (1968) 
Diesel 6 SWD (1990) 
Diesel 7 SWD (1990) 
Diesel 8 SWD (1991) 
Diesel 9 SWD (1991) 

Steam Turbine 
Steam Plant CE (1968) 

Gas Turbine 
Hitachi #) (1973) 
Brown #2 (1977) 

Fuel 

Diesel 
Diesel 
Diesel 
Diesel 
Diesel 
Diesel 
Diesel 
Diesel 
Diesel 

MSFO 

Diesel 
Diesel 

UnitMW 

2J0Q 
2.00 
2.75 
2.75 
275 
7.85 
7.85 
7.85 
7.85 

10.00 

19.20 
23.70 

TypeMW 

43.65 

10.00 

42.90 

Location MW 

96.55 

Source: Denny Polosky (KE Director of Planning and Regulatory Aftairs, April 9,1992) 

Table II-ll KE Firm Purchase Power Contracts: Total ^ u MW 

Name (Location) 

Firm: 
Lihue Power Plant (Lihue) 

Not-Rrm: 
McBryde Sugar Company (Koloa) 
Kekaha Sugar Company (Kekaha) 
Olokele Sugar Company (Olokele) 

Fuel 

bagasse 

bagasse 
bagasse 
bagasse 

FirmMW 

12 

. 

CWh/ycar 

70-82 

16-28 
5-10 
- 1 
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UTHJTY NEEDS AND RESOURCE PLANS FOR THE FUTURE 

Overview 

Hawaii has experienced rapid economic and electrical growth primarily fueled by the state's growing 
tourist industry. Many of the islands' utilities have faced difficult challenges in providing adequate 
service to meet increasing electric demand. This section presents planning data and proposed additions 
for each utility's strategy for supplying the future electric generating requirements of their system. 

HECO has been evaluating long-term plans by private developers to construct an undersea electric 
transmission cable to provide Oahu with geothermally produced electricity from the Big Island. The 
viability of geothermal plants to provide adequate energy to warrant this project has not yet been 
established. HECO's base resource plan does not include the geothermal venture, but is flexible enough to 
accommodate the project should it come to fruition. Given the significant expansion of opportunities for 
future SEGS projects that inter-island electric transmission would provide, this report includes a cursory 
review of several inter-island cable proposals. Additionally, Hawaii is in the process of developing 
integrated resource plarming and an externalities policy. These topics, which could significantly shape ^ ^ 
prospects for renewable energy projects in the state, are considered in this section. 

After consideration of these issues, the ensuing material in this section provides details on the current 
resource plans of each electric utility in the state. Information supplied for each utility includes a chart 
indicating 20 year projections for system peak demand, system capacity, and planned generating capacity 
retirements and additions. Details on projected load growth, generation capacity additions, and fuel cost 
forecasts are provided in narrative form. 

During the past year, shipping companies operating in Hawaii have been held to be fiiUy liable for 
damages caused t^ cargo spills which impact Hawaiian waters. Since heavier petroleum distillates such 
as MSFO (medium sulfur fuel oil) and LSFO Oow sulfiir fuel oil) are much more difBcult to clean up after 
accidents than diesel, shipping companies have essentially refused to transport these heavier fuels in the 
future. Oahu is the only Hawaiian island where crude oil is refined. Accordingly, diesel is the only fuel 
which is expected to be available for power plant use on islands other than Oahu. A recent fuel forecast 
containing 20 year projections for the price of diesel, LSFO, arul coal is included for HECO. Since all 
HEI-member utilities utilize a common fuel forecast, the fuel forecast discussion for MECO and HELCO 
are based on the HECO values listed for diesel and differ only according to appropriate transportation and 
handling costs. The material presented for Kauai Electric includes KE's fuel forecast for diesel and 
MSFO. 

Details of future resource plans for HE(X). MECO, and HELCO were provided by HECO System 
Plarming in mid-April, 1992. Information included in the discussion of fuel forecasts and the summary 
of capacity cost and energy cost for each planned capacity addition were taken from each utility's 1990 
Electric Utility System Cost Data filing to the Hawaii PUC, as per the Commission's Section 6-74-17 
requirements. Kauai Electric is not subject to the PUC's avoided cost data disclosure rule due to its 
smaller size. No summary of capacity cost and energy cost for KE additions is provided. Updated 
information on KE's system resource plan was provided by KE's Director of Plarming & Regtilatory 
Affairs in late April, 1992. 

Efforts to update this report with the most current infonnation available have not met with complete 
success. Since this document represents a compilation of different resources, there may be some slight 
inconsistencies between updated and outdated information. 

Kearney & Associates SEGS Assessment — State of Hawaii 
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Inter-Island Electric Transmission Cable Projects 

Deep-Sea Cable / Geothermal Development: 

For many years there has been serious interest in developing the geothermal resources of Hawaii — a 
native energy supply which, if utilized, could reduce the state's near total dependence on imported 
petroleum. Matching geothermal power sites from the volcanoes region of the Big Island with Hawaii's 
major electric load centers on Oahu requires an undersea electric cable traversing about 150 miles of 
ocean at depths of up to 7000 feet. Considerable resources have been invested in exploring the technical 
and economic feasibility of this cable project Yet geothermal development on the island of Hawaii has 
progressed slowly — saddled by vocal opposition and the uncertainly of successfully peiroitting and 
drilling commercial wells. Thus far, the Puna (jcothermal Venture has been unable to satisfy a 25 MW 
purchase power contract with HELCO. Until geothermal power can be proven viable both commercially 
and socially on the island of Hawaii, serious consideration of massive geothermal development suitable for 
supplying electricity to Oahu is premature. Appropriately, the status of the deep-sea cable project has 
been placed on hold indefinitely. 

K/Iaui County Tri-Jsland Cable: 

MECO recently examined the prospects of electrically interconnecting the islands of Maui, Lanai and 
Molokai with an undersea tri-island cable. This project envisioned locating a 56 MW combined cycle 
power plant on Molokai which would be connected with Maui arul Lanai via an undersea iransmissioQ 
cable. In addition to supplying additional capacity for Maui, the project had the potential benefit of 
providing cheaper, more reliable electricity to the inh^itants of both Molokai and Lanai — presenting the 
opportunity for uniform electric rates throughout Maui County. MECO has since committed to the 
construction of the 56 MW combined cycle plant at a site on Maui and an associated 69 kV transmission 
line circling around west Maui to serve growth in the Lahaina area. The cost of the combined cycle plant 
was about S76 million for either site. Transmission costs, on the other hand, were dramatically different: 
SlOO miUioQ for the tri'island cable (approximately 80 MW of capaci^) versus $7 million for the 
necessary land-based transmission additions on Maui. The tri-island cable is no longer an active project 
but could resur&ce in future years as Maui County continues to grow. 

Molokai-Oahu Cable: 

Most areas designated for power plant and industrial development on Oahu are concentrated in the 
southwest corner of the island. Vnlortunately, the vast majority of HECO's generating capacity and 
purchased power are already located in this area. From an electric transmission stability standpoint, 
generating sources near Waikild and southeast Oahu would be very desirable. However, locating 
generating focilities in these areas, particulariy a large coal plant, would be quite difficult if not 
impossible. 

The western shores of Molokai are less than 30 miles from southeast Oahu, or approximately equidistant 
to this load growth area as HECO's current generating fecilities at Kahe Point and Battler's Point HECO 
is considering a large coal baseload generating facility on Molokai as a future resource option in their long 
range forecast Conceptually, a power plant on Molokai, where land is relatively cheap and available, 
could be economically preferred to generating options on Oahu, in spite of the considerable expenditure 
which would be required for an undersea electric transmission cable. Black & Veatch has estimated the 
cost for a Molokai-Oahu cable with 800 MW of capacity at $320 million ($400/kW; 1991S). 

A public meeting on Molokai to discuss this potential project drew a response that was overwhelmingly 
opposed to large-scale energy projects developed on Molokai for the primaiy benefit of residents of Oahu. 
While there may be technical and economic feasibili^, the current political environment is not conducive 
to the success of such a project in the near future. Whether a large renewable energy development would 
draw comparable opposition as HECO's proposed coal facility is unknown. Any undersea electric cable 
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project however, can be expected to encounter opposition from enviromnental groups concerned about 
potential impacts on marine life, particularly on the area's humpback whales. Since speculation on the 
future political environment in Hawaii is clearly beyond the scope of this report, it is appropriate that the 
current study consider the large Molokai SEGS/cable to Oahu scenario based on its technical and potential 
economic merits. 

Externalities / Integrated Resource Planning 

In most states, including Hawaii, competing electric generating options have traditionally been evaluated 
through a process which identifies the project with the lowest direct cost. Direct costs include land, 
equipment and labor to construct a power plant fiiei expendinires, operating and maintenance costs, and 
certain financing charges. Electric rates are calculated based on the internalization of a utility's historical, 
imbedded direct costs. Yet a power plant clearly impacts residents of Hawaii in ways not refleaed on 
their monthly utility bills. The construction and operation of a power plant may impact public health, 
cultural resources, and numerous environmental factors such as air quality, water quality, and biological 
and botanical health and diversity. Benefits accruing to power plant construction include job creation and 
the potential to spur economic development. Collectively, these considerations, which do not directly 
impact the cost of a project, are termed "externalities''. 

Incorporating externalities into the utility planning process is a regulatory concept still in its infancy. 
SeveiBl states have adopted Integrated Resource Planning (IRP) in order to evaluate a broader range of 
supply-side and demand-side options with greater public participation and sensitivity to externalities. A 
handfiil of states have already developed specific methodologies for evaluating certain externalities, 
primarily residual emissions. Table 11-12 compares monitized values of externalities for the states which 
currently embrace rules which attempt to monitize externalities. Based on the values in Table 11-12 and 
typical power plant characteristics. Table n-13 gives the residual environmental costs attributable to 
different types of power plants. Both tables are taken from T h e New Environmental Accounting: A 
Status Report" by the Honorable Stephen Wiel. The Electricity Journal, November 1991. 

Although the values attributed to environmental costs in Tables 11-12 and 11-13 are not precise, solar 
thermal power plants embody distinct environmental benefits relative to conventional fossil-fired 
generation which should be meaningfully considered when new electric generaUng facilities are selected. 
An equitable integrated resource planning process should strive to reflect a comprehensive assessment of 
costs and benefits. Itshouldalsobenotedtbatmonitization of externalities is site specific. For example, 
the residual environmental cost in Table II-13 attributed to geothermal development in Nevada may not be 
appropriate for geothermal development on the Big Island. 

In March of 1992, the Hawaii PUC mandated consideration of externalities as one component of its new 
integrated resource planrung process. The initial burden for establishing an equitable framework for the 
evaluation of externalities has been given to the utilities. HECO has contracted a survey of how other 
states aiul mainland utilities have evaluated externalities. Additional inputs may include a direct survey 
of utility customers to obtain their views on this subject At the completion of the information gathering 
phase, advisory groups representing goverrunent business, community, cultural, and environmental 
interests will collaboratively develop a externalities policy for Hawaiian utilities. If the resultant IRP 
externalities firamework is not deemed to be in the best interest of the people of Hawaii, the state PUC will 
dictate more expliciUy the methods by which utilities will be required to adequately account for external 
costs and benefits. 
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Table n-12. Comparison of Evaluations of Externalities in the U.S. 

(ResitJua) emission units arc 1989 S/lb; water and land use units arc 1989c/kWh) 

Externality 

SO3 

NO< 

VOCs 

CO 

Particulates 

COj 

C H , 

N^O 

water use 

land use 

ncBnot 

New York 
PSC 

0.41 

0.89 

nc 

nc 

0.16 

OilOl 

nc 

nc 

0.10 

0.40 

Kticnatcd 

Massachusetts 
DPU 

0.75 

.̂ .25 

2.65 

0.43 

2.00 

0.011 

0.11 

1.98 

nc 

ne 

IS • tttc 

Nevada 
PSC 

0.78 

3.40 

059 

0.46 

2.09 

Oi)11 

0.11 

2.07 

SS 

SS 

spodfic 

Cali fornia PUC 
(SDG&E/5CE) 

9.15 

12.25 

8.75 

nc 

2.65 

0.013 

nc 

nc 

nc 

nc 

Cal i iomta PUC Pace 
(PC&EI University 

2.03 

3.55 

1.65 

nc 

11.19 

0.013 

nc 

nc 

nc 

ne 

California values in 19ft7 dollars 

2.03 

n.82 

nc 

nc 

1.19 

0.007 

nc 

ne 

ne 

nc 

Table n-13. Residaal Environincatil Costs 
(Units are </kWh) 

Type of 
Power Plaru 

Cjjal-Fired (meeting NSPS) 

Coal FTuidizcd Bed 

Natural Gas Combined Cycle 

Solar Thcmal {25% gas 
backup; 35% capacity factor) 

Ccothcnrut 
(flash with r&injection) 

Demand Management 

Value in 
New York 

1.4 

— 

— 

— 

— 

0 

Value in 
Massachusetts 

4.4 

3.0 

1.1 

— 

— 

0 

Value in 
Nevada 

4 J 

4.9 

2.2 

0 3 

0.001 

0 

Value in 
Pace Study 

4 5 

33 

1.1 

0 to 0.4 

— 

0 
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HA WAILiN ELECTRIC COMPANY (HECO) 

Projected Annual Load Gronih 

HECO's peak electric demand is expected to increase by 6.7% from 1991 to 1992. Approximately half of 
this growth is real growth (about 3.5%); the other half is expected recovery from the lower than usual 
demand recorded during the economically depressed 1991. Electric demand growth on the order of 2*3% 
is expected for the next few years. Long range projections call for less than 2% annual growth during the 
next decade. Much of the anticipated load growth is expected to occur in the Kapolei area in southwestern 
Oahu. 

Proposed Generation Capacity Additions 

Additional generation facilities to be added between 1995 and 2000 include a 200 MW combined cycle 
power plant (to be constructed in 3 phases) and two 77 MW simple cycle combustion turbines. Based on ,̂ 
the projected relative cost attractiveness of coal versus petroleum, fiitiu'e baseload additions in years after M 
2000 are cunenUy expected to be 200 MW fluidized bed steam turbine plants. The relative attractiveness [̂  
of coal in future years will be sensitive to residual emmisions valuations if such an analysis becomes a \̂  
component of HECO's integrated resource plaiming process. It is noted that PIECO's resource plan could [1 
be greatly modified if adequate geothermal energy becomes available. h 

HECO's system resource plan as of March, 1992 is summarized in Table 11-14. This table contains ^̂  
projected peak demand, firm capacity, reserve margin, and projected capacity additions and retirements. 
The HECX) system resource plan is summarized graphically in Figure 11-18. Table II-l5 contains a 
summary of estimated capacity cost and energy cost for each generation addition scheduled by HECO 
from 1990-2000. 

Fuel Forecasts 

The fuel forecast in Table n-l6 is based on the May, 1991 draft fuel forecast of HECO's Forecast Planrung 
CorruTuttee. An additional column is included for diesel in the units of S/BBL with values taken from 
HECO's Forecast Plarming Committee forecast of July. 1991. The list also includes a non-site specific 
cost forecast for Indonesian low-sulfur (0.4%) bituminous coal. The coal price estimates — which include 
limestone, ash disposal, handUng, and tax — reflect an average escalation rate of 5% per year. The long-
term petroleum fuel escalation rate inherent in Table n-16 is 6.8%, down from the almost 9% reflected in 
HECO's December, 1989 fiiel forecast. In the spring of 1992. HECO has been using long-term diesel 
escalation rates of about S% Clearly there is considerable uncertainty in tius critically important 
planning fiactor which strongly impacts future utility generation addition selections. 

LSFO fuel costs included in Table 11-16 apply lo the Kahe power plant. Additional transportation and 
handling costs to other HECO generation sites are estimated for the 1990 year as $ O.OS/BBL to Waiau 
and $ 0.25/BBL to Honolulu. Transportation costs are expected to increase by 5% per year after 1990. 
Diesel costs pertain to Waiau, which is the sole HECO fecility with diesel units. Transportation and 
storage cost estimates are based on the December, 1989 fiiel price forecast of HECOs Forecast Planrung 
(Zomrruttee. 

Kearney St Associates SEGS Assessment — State of Hawaii 
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Table n-14. Hawaiian Electric Company (HECO) System Resource Plan 

Year 

1991 
1992 

1993 
1994 

1995 

1996 
1997 
1998 
1999 
2000 
2001 
7002 
Tom 
2004 
2005 
7006 
7007 
7008 

7009 
2010 

2QU 

System 
Peak 
(MW) 

1141 
1217 

1254 
12S5 

1309 

1340 
1378 
1406 
U35 
1464 
1488 
1513 
1538 
1563 
1589 
1617 
1646 
1675 

1705 
1736 

1767 

System 
Capacity 

(MW) 

1440 
1620 
1666 
1666 
1610 
1553 
1620 
1620 
1750 
1750 
1627 
1827 
1827 
2027 
2027 
2027 
2027 
2027 
2027 
7777 
2175 
2125 
2202 
2153 
2104 
2181 

Reserve 
Margin 

(%) 

26.2 
33.1 
36.9 
Z2S 
753 
20.9 
23.8 
29.1 
3 0 ^ 
27J0 
29.9 
273 
24.8 
36.2 
34.0 
31.8 
29.7 
27.6 
25.4 
35J 
29.9 
26.9 
29.1 
24.0 
1\2 
23.4 

Capacity 
Unit 

AES 
H-POWER 

-
Honolulu 8 
Honolulu 9 

Barbers Potnt I, Phi 
Barbers Point 1,Ph2 
Barbers Point l ,Ph3 

-
Combustion Turbine 1 

-
-

Fluidized Bed 1 
-
-
-
-
-

Ruidlzcd Bed 2 
Waiau 9 
Waiau 10 

Combustion Turbine 2 
Waiau 3 
Waiau 4 

Combustion Turbine 3 

Modifications 
Retired 
(MW) 

-
-
-

56 
57 

-
-
-
-
-
-
-
-
-
-
-
-
-
-

52 
50 

-
49 
49 

-

Added 
(MW) 

180 
46 

-
-
-
70 
70 
60 

-
77 

-
-

200 

-
-
-
-
-

200 

-
-

77 

-
-
77 

Kearney A Associates SEGS Assessment - ^ State of Hawaii 
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Table H-IS. Energy ind Capacity Cost of Recent and Projected HECO Capacity Additioas 

1) 
2> 
3> 

4) 

Year 

1990 
1991 
1992 
1995 
1995 
1996 
1998 
2000 

Size 
<MW) 

80 
100 
180 
77 
77 
47 
77 
77 

Unit 
Owner 

HECO 
Kalaeloa 
AES-BP 
HECO 
HECO 
HECO 
HECO 
HECO 

Unit 
Type 

(rr 
CbmbcnedCyck^2 

Fluidized Bed 
Comb. Cyde Ph. 1 
Comb. Cydc Ph. 2 
Comb. Cycle Ph. 3 
Simple Cyde CT 
Simple Cyde CT 

Capacity Cost 
(S) 

» 

I67Jl/kW-ycar £25 years) 
342.4fi/kW-ycar QQ yvara) 

* 
* 

7S8i)0/kW 
657JX)/kW 

ersiw/kw 

tnergyCost 
i t f RTOSs tWh) 

6i)36 
3J74 net 

X3A net 
5336 
5336 
2.694 
5336 
5336 

(1) The oombustioB turbine was temporarily kaied by Kalaeka Partners to HEĈ O prior to the CadSty's oomplettoa 
as a oombimd q^le. Capacity caA vns not applicable. The energy o»t shown, which peituns to Its use as a 
ODtnbnstioa tuibtn^ b based on a gaseous fuel price of M.764L/]hIMBttL 

CE) Eoeigycottt^ininiitsofc/nctkWK 
O) Enogy out (</twtkWh) does not reflect fixed OfcM cost of 1.1 c/availablekWh. 
(4) CapMity cost shown applies to an three phases of the oombtned cyde pbm. 

Table 0-16. HECO F^el Cost Forecast 

CPer HECO draft fuel forecast May 20,1991; except * per HEOO fud forecast July 17,1991) 

Year 

1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 

LSFO 
(S/MMBTU) 

378 
3^3 
4.15 
437 
4.60 
4.90 
5.23 
557 
5.93 
631 
6.81 
734 
7.90 
8.50 
9.12 
932 

1038 
1137 
12:21 
13.10 

Diesel 
($/MMBTU) 

4.81 
4 ^ 
5.27 
555 
5 ^ 
6 ^ 
6.62 
7.05 
731 
7.98 
8.61 
9.27 
9.98 
1073 
1152 
1Z40 
1334 
1434 
1539 
1651 

Diesel' 
($/BBL) 

2870 
2930 
30,90 
3230 
3470 
36.40 
38.80 
4130 
44.00 
4630 
5050 
54.40 
5830 
62.90 
6750 
72.70 
7870 
84 DO 
9070 
96.70 

Coal 
($ /MMBTU) 

2 iC7 
2.114 
2709 
2300 
2399 
2524 
2.655 
2793 
2J37 
3.088 
3754 
3.428 
3.611 
3303 
4i}05 
4738 
4.483 
4.742 
5.014 
5302 

Kearney & Associates SEGS Assessment — State of Hawaii 



ity Requirements Page n-31 

MAUI ELECTRIC COMPANY (MECO) 

Projected Annual Load Growth 

MECO's peak electric demand is expected to increase by almost 9% from 1991 to 1992. The substantial 
increase is partially attributable to the lower than usual increase in demand recorded during 1991. 
Electric demand growth on the order of 5% is expected for the next several years thereafter. Long range 
projections call for armual growth of 3.7% during the decade 2001-2011. 

Proposed Generation Capacity Additions 

MECO intends to meet future increases in electric demand with additions of 56 MW dual-train combined 
cycle uiuts. The first of these combined cycle plants is to be added at Maalaea in three phases. The first 
phase is a 20 MW combustion turbine to be added in 1992. An additional 20 MW simple CTT (phase 2) 
and a 16 MW steam turbine with two heat recovery boilers (phase 3) are scheduled for completion in 
1993. Subsequent additions will be constructed in two equal phases of 28 MW by installing the steam 
turbine at the same time as the initial CT. These units may be located at a new power plant site. 

MECO's system resource plan as of March, 1992 is summarized in Table 11-17. This table contains 
projected peak demand, firm capacity, reserve margin, and projected capacity additions and retirements. 
The MECO system resource plan is summarized graphically in Figure n-18. Table n-18 contains a 
surrunary of estimated capacity cost and energy cost for each generation addition scheduled by MECO 
from 1990-2000. 

Fuel Forecasts 

Given recent ocean transportation problems associated with MSFO. diesel is the only power plant fuel 
which will be used by MECO in the foreseeable fiiture. MECO's diesel forecast is equivalem to HECX)'s 
(Table 11-16) except for slight modification to reflect additional transportation costs. The long-term fuel 
escalation rate inherent in Table 11-16 is 6.8%, down from the almost 9% reflected in HECO's December, 
1989 fuel forecast. In the spring of 1992, HECX) has been using long-term diesel escalation rates of about 
5%. All fuel shipped to Maui is received at Kahului. For 1991, ocean transportation cost was $.80 /BBL 
and storage was S.44/BBL. Fuel used at Maalaea incurs additional overland shipping charges. Shipping, 
storage, and trucking costs are expected to escalate at about 5% per year. 

Kearney St Associates SEGS Assessment — State of Hawaii 
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Table 0-17. MECO System Resource Plan 

Year 

1991 

1992 
1993 

1994 

1995 
1996 
1997 

1998 

1999 

2000 

2001 

?no2 
2003 
7004 

2005 

7006 
2007 

2008 
2009 

2010 

2011 

System 

Peak 
(MW) 

149 
162 
171 

179 
187 
194. 
200 

207 

213 

220 
228 
235 
243 
251 

259 

268 
2/7 

286 
295 

305 

315 

System 
Capacity 

(MW) 

1593 
1793 
1993 
2153 
2153 
2353 
232.6 
252.6 
247.1 
263.1 
257J. 
277.2 
271.2 
2557 
78^7 
783.2 
3117 
2983 
3183 
306.1 
.T34.1 
3213 
3213 
3493 
3433 
3373 
3575 
3437 
371.7 
358.0 
386.0 

Reserve 
Margin 

( X ) 

6.9 
107 
165 
25.9 
203 
253 
19.9 
263 
235 
27.1 
247 
30.1 
273 
193 
287 
247 
32.4 
23 i ) 
27 i l 
22D 
29.0 
243 
20.1 
263 
24.1 
18.0 
217 
163 
21.9 
17.4 
225 

Capadty 
Unit 

, 
Maalaea Unit 14 
Maalaea Unit 16 
Maalaea Unit 15 

-
56MW DTCC *2 Ph 1 

Maalaea Unit 1 
56MW DTCC #2 Ph 2 
Maalaea Unit 2 & 3 

56MWDTCC»2Ph3 
Kahului Unit 1 

Combustion Turbine N3 
Kahului Unit 2 

HC&S 16MW Contract 
56MW DTCC #3 Ph 1 

-
56MWDTCC#3Ph2 
Maalaea Units 4&5 

dbmbustions Turbine 04 
Kahului Unit 3 

56MW D1XX #4 Ph 1 
Maalaea Units 6&7 

-
56MWDrCC»4Ph2 

Maalaea Unit 8 
Maalaea Unit 9 

Combustion Turbine #5 
Maalaea Unit 10 

56MW DTCC »5 Phi 
Maalaea Unit 11 

56MW DTCC KS Ph 2 

Modifications 
Retired 
(MW) 

, 
-
-
-
- • 

-
275 

-
55 
-

5.9 
-
6 
16 
-
-
-

1232 
-

127 
-

1232 
-
-

6.16 
6.16 

-
13.75 

-
13.75 

-

Added 
(MW) 

^ 
20 
20 
16 
-

20 
-

20 
-
16 
• 
20 
-
-
28 
-

28 
-
20 
-

28 
• 

-
2S 
-
-

20 
-

28 
-
28 

;ir^ 

Table H-IS. Energy and Capacity Cost of Recent and Projected MECO Capacity Additions 

Year 

1) 1990 

1991 

1993 

1996 
1999 

2O0O 

Size 
(MW) 

4 
20 
36 
28 
28 
28 

Unit 
Owner 

HC&S 
MECO 
MECO 
MECO 
MECO 
MECO 

Unit 
Type 

Steam 
Comb. Cycle tfl. Ph. 1 

Comb. Cycle #1, Ph. 2 i 3 
Comb. Cycle »2, Ph. I 
Comb. Cyde #2, Ph. 2 
Comb. Cydc *I3, Ph. 1 

Capacity Cost 
(£> 

167/kW-ycar (10 yrs) 
1,094/kW 
1,029/kW 
1,464/kW 
675/kW 
l,464/kW 

Energy Cost 
(c/ RrosskWh) 

5.670 
4.931 
3.704 
3.737 
3.704 
3.737 

Note: (1) Opacity cost based on 12 MW. 
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HA WAH ELECTRIC LIGHT COMPANY (HELCO) 

Projected Annual Load GroH4h 

HELCO's peak electric demand is projected to increase by about 5% per year over the next several years, 
with an extreme increase of 7.2% predicted from 1992 to 1993. Long-term growth rate in peak demand is 
expected to stabilize at about 3.7% per year during the next decade. As has been the case in recent years, 
much of the load growth is expected to be located in the Kona coast-Kohala-Wiamea region. 

n!H 

Table n-19. HELCO System Resource Plan 

Year 

1991 
1992 

1993 

1994 
1995 

1996 
1997 

199S 

1999 

7000 

20O1 
2iUZ 
20U3 
7004 
2005 

2006 
lEO? 
Tons 
2009 
2010 
2011 

System 
Peak 
(MW) 

145 
152 

163 

171 
180 

186 
194 

202 

209 

215 

226 
234 
243 
253 
262 

272 
283 
293 
304 
316 
37S 

System 
Capacity 

(MW) 

16130 
18630 
20630 
19730 
197i)0 
196.10 
195.10 
215.10 
2117D 
^11970 
2 0 6 ^ 
776.95 
215.95 

231.95 

22970 
24970 
243.70 
27170 
260.70 
76070 
288.70 
78870 
288.70 
316.70 
30970 
33770 
33770 
32950 
34930 
37730 
37750 

Reserve 
Margin 

(*> 

103 
22.9 
36.1 
3ai 
20.9 
203 
197 
253 
173 
163 
15.0 
72i> 
113 

143 

135 
197 
163 
26.4 
213 
15.4 
23.4 
183 
14.1 
20.9 
18.0 
24.0 
197 
125 
15.0 
195 
167 

Capacity 
Unit 

. 

PGV Geothermal 
PunaCT-3 

Kanoelehua CT-1 
Waimea D-8 
Waimea D-9 
Waimea D-10 

CT-4 
Shipman 1 

Kanoelehua D-11 
Waimea D-12 

CT-5 
Waimea D-13,14 U 

Kanoelehua D-1S, 16 
Convert CT-4 & CT-5 
to Onnbined<yde>1 

Kanoetehiia D-17 
CT-6 

Keahole D-18,19 
Cjombined<ycte 2 ph 1 

Keabotel>-20,21,22,23 
-

(jimbined-cycle 2 Ph2 
-
-

Combined-cycle 3 Phi 
Shipman 3 

Combined-cycle 3 Ph2 
-

Shipman 4 
cr-7 

Combined-cycle 4 Phi 
-

Modifications 
Retired 
(MW) 

_ 
-
-
9 

030 
0.90 
IJIO 

-
3.40 
2J)0 
277 

-
11i)0 

• 

2.75 
-

530 
-

11.00 
-
-
-
-
-

730 
-
-

7.70 
-
-
-

Added 
(MW) 

. 
25i)0 
TQSXS 

• 
-
-
-

7000 
-
-
-

2000 
• 

16 

-
20.00 

-
28.00 

-
-

28JW 
-
-

28.00 
-

28.00 
-
-

20.00 
28.00 

-

Kearney & Associates SEGS Assessment — Sute of Hawaii 
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Proposed Generation Capacity Additions 

HELCO's recent supply shortages are in part due to the unavailability of the Puna (jeothermal Venture 
(PGV). The original purchase power agreements contracted for 7.5 MW of geotiiermal power in 1990, 
and an additional 17.5 MW in 1991. As of July 1992, this facility was still not on line. The relative 
success of the PGV operation should provide some indication of the capability of geothermal energy to 
supply a large share of Hawaii's future electrical needs. During 1992, HELCO also plans to install a 20 
MW combustion turbine at Pima to serve as a peaking unit and emergency uiut. 

Scheduled generation additions after 1992 are S6 MW dual-train combined cycle units. The iititial phase 
of this program is a 20 MW combustion turbine to be installed at Kawaihae in 1994. In 1996, another 20 
MW combustion turbine will be added. When additional capacity is expected to be needed in 1998, a heat 
recovery boiler and a 16 MW steam tuibo-generator will be installed in conjunction with the existing 
Kawaihae CTs. Thereafter, several dual-train combined cycle units, installed in 20-28 MW increments, 
are envisioned between 1999 and 2011. 

HELCXXs system resource plan as of March. 1992 is summarized in Table 11-19. This table contains 
projected peak demand, firm capacity, reserve margin, and projected capacity additions and retirements. 
The HELCO system resource plan is summarized graphically in Figure 11-20. Table n-20 contains a 
sununary of estimated capacity cost arul energy cost for each generation addition scheduled by HELCX) 
from 1990-2000. 

Fuel Forecasts 

Given recent ocean transpoilation problems associated with MSFO, diesel is tiie only petroleum fuel 
which will be used by HELCO in the foreseeable future. HELCO's diesel forecast is equivalent to HECO's 
(Table 0-16) except for slight modification to reflect additional transportation costs. The long-term fiiel 
escalation rate inherent in Table 11-16 is 6.8%, alUiough HECX) has more rocentiy used long-term diesel 
escalation rates of about 5 % All fuel shipped to the island of Hawaii is received at Hilo. For 1991, ocean 
transportation was S1.53/BBL and storage was S.45/BBL. Additional overland transportation costs to 
H E L ( ^ generation sites are estimated for die 1992 year as (additional $/BBL): Kanoelehua (.8682). 
Puna (.8682), Puu Anahulu (.8682), Waimea (1.447). Keahole (1.447). Shipping, storage, and trucking 
costs are expected to escalate at about 5% per year. 

Table n-20. Energy and Capacity Cost of Recent and Projected HELCO Capacity Additions 

Year 

1) 1991 
1991 
1992 
1994 

2) 1996 
1997 
1999 

Size 
(MW) 

7 5 
175 
20 
20 
8 
28 
28 

Unit 
Owner 

PGV 
PGV 

HELCO 
HELCO 
HELCO 
HELCO 
HELCO 

Unit 
Type 

Geothermal 
(Geothermal 

Combustion Turbine 3 
Combustion Turbine 4 

Comb. Cycle Ph. 1 
Comb. Cycle Ph. 2 
Comb. Cycle Ph. 1 

Capacily Cost 
(S) 

160/kW-year (35 yrs) 
160/kW-year (35 yrs) 

896/kW 
937/kW 
1464/kW 
675/kW 

1,464/kW 

Energy C!!ost 
(c/ gross kWh) 

6560 
6560 
5.024 
5.024 
3307 
3.775 
3307 

Notp: 
(1) The 25 MW geothermal facility was originally expected to come line during 1990 and 1991; current expectations 

aQ for all 25 MW to come on line during 1992 . 

(2) This unit involves the conversion of CT 4 into a combined cycle plant and is listed in HELCOs 1990 PUC filing as 
a 2S MW addition. 

Keai-oey & Associates SEGS Assessment — State of Hawaii 
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KA UAI ELECTRIC DIVISION OF CITIZENS UTILITIES COMPANY (KE) 

Projected Annual Load Growth 

Growth of Kauai Electric's system peak load is expected to average 4% per year over the next 19 years. 
Short-term annual growth rates are expected to be higher — between 5 to 7% over the next three years. 
KE's system is small enough that the addition of major resort developments is noticeably reflected in 
fluctuations in their load growth. 

Proposed Generation Capacity Additions 

Kauai Electric's system resource plan is summarized in Table 11-21. This table contains projected peak 
demand, firm capacity, reserve margin, and projected capacity additions and retirements. Kauai Electric 
added two highly efficient 7.85 MW diesel engine uiuts in 1991 at the Port Allen generating facility. 
Future additions of similar scale are expected in 1995, 1999, 2003, and 2007. Historically, KE has ^ 
eagerly obtained purchase power contracts vdth any available sources. Futiu^ plans for non-firm purchase 
power contracts for hydroelectric power have been placed on hold indefinitely. Kauai Electric is 
developing an integrated resource plan per the plan framework provided by the State PUC. This plan will 
include both supply-side and demand-side options. For these reasons, specifics of KE's future generating 
additions have not yet been identified. It is noted that no capacity retirements are specified over the 
course of the 19 year projection. KE's maintenance policy is expected to keep their diesel units active 
Uu-ough20lO. 

Fuel Forecasts 

The fuel costs included in Table n-22 were taken from Uic Chevron U.S.A. forecast of KE's 1988 long-
term residual fuel forecast. The average aimual cost escalation rate over the 15 year forecast (1988-2002) 
is 7.69%. KE's long-term escalation rate for diesel fuel is also 7.69%. Although tius fuel forecast, which 
is several years old, includes MSFO, it is likely that all of KE's utilitynswned capacity will bum diesel for 
the foreseeable future. 

Kearney St Associates SEGS Assessment — State of Hawaii 
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Table n-21. Kanai Electric System Resource Plan 

Year 

1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 

System 
Peak 
(MW) 

693 
73.7 
78.7 
83.6 
87.6 
915 
955 
99.4 
103.4 
107J 
1 1 U 
115^ 
118.2 
123.1 
127.1 
13l i ) 
135J} 
138.9 
142.9 
1463 

System 
Capacity 

(MW) 

1083 
108J 
108J 
1085 
123.9 
123.9 
123.9 
123.9 
1395 
1395 
1395 
1395 
155.1 
155.1 
155.1 
155.1 
1707 
170.7 
170.7 
170.7 

Reserve 
Margin 

(%) 

55.2 
46.9 
373 
30.0 
41.4 
35.4 
29.7 
24.6 
34.9 
30.0 
25J 
21.1 
3 1 ^ 
26.0 
22.0 
18.4 
26.4 
22.9 
195 
163 

Capadty 
Uni l 

-
-
-

additions 
-
. 
-

additions 
-
. 
-

additions 
-
-
-

additions 
-
-
-

Modifications 
Retired 
(MW) 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Added 
( M W ) 

-
-
-

153 
-
-
-

153 
-
-
-

15.6 
-
-
-

153 
-
-
-

* cyttem capadty total includes a 12 MW firm power contract with the Lihui: Power Plant 

Table n-22. Kauai Electric Fuel Cost Forecast (based on 19S8 fuel forecast) 

Year 

1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

MSFO 
($/BBL> 

1938 
21J3 
22.78 
24.24 
25.69 
27.14 
2859 
30.05 
3150 
33.92 
36.53 

Diesel 
(J/BBL) 

2750 
29.62 
31.90 
34.35 
36.99 
3934 
42.90 
46.20 
49.75 
5358 
57.70 

Kearney & Associates SEGS Assessment — State of Hawaii 
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MECO, MOLOKAI ELECTRIC DIVISION (MOECO) 

Projected Annual Load Groyvih 

Long term growth of Molokai Electric's system peak load is expected to average 2.5% according to 
MOECO President John Urauchi. Growth is expected in southwestern Molokai due to the Alpha USA 
development. Projections for load growth and capacity additions reflect a high level of uncertainty due to 
MOECO's small system size and the significant impact of potential large load additions. 

Proposed Generation Capacity Additions 

MOECO is cunentiy negotiating a purchase power contract for a I MW unit to be interconnected with 
their system during 1991 or 1992. Additional capacity will likely be required thereafter within a 2-5 year 
time interval. 

MATCHING UTn^ITY NEEDS TO SEGS CHARACTERISTICS 

Using the data presented above on utility plant capacities, needs and resource plans, tentative selections 
can be made for the capacities of SEGS plants which appear to be appropriate for each utility service 
territory. Consistent with the earlier discussions, utility needs and their relationship to SEGS 
characteristics will be discussed on an island-by-island basis. 

Hawaiian Electric Company (HECO) 

With the recent and pending base load capacity additions at the Campbell Industrial Complex (Kalaeloa 
Partners. Phase 1 & 2 at 180 MW in 1991, and AES at 180 MW by the end of 1992). HE(X)'s capacity 
needs will be for cycling plants for some time into the future. Cycling combined cycle plants and simple 
cycle gas turbines are scheduled capacity additions for HECO during the next few decades. The 77 MW 
size planned for a number of these units suggests that an 80 MW SEGS would be a reasonable addition for 
the island of Oahu. Operationally. SEGS would be most similar to a combustion turbine. In the 
comparative economics presented below, the most appropriate comparison for HECO is between the 80 
MW SEGS and Uie 70 MW combustion niibine. 

Maui Electric Company (MECO) 

MECO's resource plan identifies several 56 MW dual-train combined cycle plants and three 20 MW 
combustion tuibines as the primaiy capacity additions to be installed over the next two decades. These 
proposed additions suggest an appropriate sizing for a SEGS unit of 30 MWe. At Uiis size, the SEGS uiut 
would represent approximately 12% of the MECO system in 1997. In the comparative economics 
presented IKIOW, the most appropriate comparisons for MECO are between the 30 MW SEGS and the 20 
MW combustion turbines. 

Hawaii Electric Light Company (HELCO) 

The delay in bringing the Puna geothermal units on line has placed HELCO in a severe capacity crunch 
which has. at times, made it necessary to cut load. This urgent need is being met by the installation of a 
20 MW combustion turbine at Puna. Additional plans include provision for 20 MW combustion tuibines 
witii possible conversion to combined cycle in west Hawaii during the nud-1990's. These proposed 
additions suggest an appropriate sizing for a SEGS unit of 30 MWe. At this size, the SEGS uiut would 
represent approximately 14% of the HELCO system (mid-1990's). In the comparative economics 
presented below, the most appropriate comparisons for HELCO are between the 30 MW SEGS and the 20 
MW combustion turbines. 
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Kauai Electric Division of Citizens Utilities Company (KE) 

Kauai Electric has a peak demand that is slighUy more than half the magiutude of the peak demands of 
MECO and HELCO. As a result of its smaller size, the s i ^ of the uiut additions to the KE grid have been 
considerably smaller. Among KE's system plaiming criteria is a stipulation that adequacy of supply be 
maintained even with the outage of the utility's largest generating unit Accordingly, KE has no plans to 
add generation in increments larger than the largest urut on their system, 23.7 MWe. In fact, all planned 
additions consist of 7.85 MW diesels with the next installation planned for the 1995 time frame. This 
suggests an appropriate sizing for a SEGS unit of 15 MWe. At this size, the SEGS unit would represent 
approximately 12% of the KE system (mid-1990's). In lieu of cost data for KE's diesel units, the most 
appropriate comparisons lor KE in the material below are between the 15 MW SEGS and the 20 MW 
combustion turbines. 

Molokai-CabU 

With a peak demand of less than 6 MW, the Molokai Electric Division of MECO is clearly too small to 
seriously consider using SEGS technology on a commercial scale. However, in conjunction with suitable 
underwater electric transmission \o either Maui or Oahu, a very large SEGS plant on Molokai could prove 
feasible. In such a scenario, a portion of the capacity of the plant could be used to service local needs on 
Molokai. Ifconsidered in conjunction with an underwater electric transmission project, 80 MWe and 200 
MWe are reasonable sizes for SEGS facilities on Molokai. 

CONCLUSIONS 

The purpose of this portion of the SEGS assessment has been to evaluate the applicability of SEGS plants 
in the context of utilities' needs. Through an examination of the ciurent and planned structure of the 
electric utilities in Hawaii, with respect to their potential use of SEGS technology, we reach the following 
conclusions: 

SEGS plant capacities from 15 MWe to 30 MWe are suitable for the majority of the islands in 
Hawaii. SEGS plant capacities up to 80 MWe are appropriate for Oahu. In conjunction with 
undersea electric transmission, SEGS plant capacities up to 200 MWe may be feasible on Molokai. 

The seasonal and diurnal peaks that characterize the utitities' demand curves, while not perfectly 
matched to SEGS's solar output, are nevertheless compatible with the output of a SEGS plant using 
fossil-fiieled backup. The exact amount of fossil fiiel supplement will depend on generation dispatch 
economics for each of the islands. 
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I I I . S E G S DESIGN D E S C R I P T I O N 

GENERAL DESCRIPTION 

Solar Electric Generating System (SEGS) Concept 

The basic concept of the SEGS plants is to supply thermal energy via the solar field to produce steam to 
drive a "Rankine cycle" steam tuibine. which in turn drives an electric generator to produce power. A 
Rankine cycle, which is a particular type of thermodynamic power cycle, is used in all conventional coal, 
oil-fired or gas-fired steam plants. A very important characteristic of the Rankine cycle is that its power 
conversion efficiency increases significanUy with an increase in the temperature and pressure of the steam 
supplied to the steam turbine. Thus it is advantageous to supply steam to the power cycle at the highest 
pressure and temperature possible given the energy source, piping systems, and other plant equipment and 
support systems. 

Starting in 1984, solar parabolic trough technology was matched with this power cycle at SEGS I. the first 
large solar thermal electric commercial power facility. This and later SEGS plants were developed by Luz 
International, a company engaged in the design, development, financing arul marketing of solar energy 
technology systems used in the generation of electridty. From 1984 through 1990, Luz developed nine 
facilities for a total of 354 MW^ on-line power. Each facility was developed as an independent power 
producer which sold power to the local utility ~ in all cases Southern Califonua Edison Company (SCE) -
-under terms of a power sales agreement between the owners of the plants and the utility. The owners of 
the plants are investor groups typically composed of large corporations, insurance funs, utility investment 
arms and some individual participants. The role of Luz was to develop the projects from inception to 
operating plants, and to nm the plants uiuJer separate contracts to the owners. The Luz company failed in 
1991 prior to the planned development of the SEGS X plant. 

Since the inception of SEGS I. advancements in the mechanical structure and operating parameters of the 
Luz solar collector technology resulted in a steady increase in the outiet temperature of die solar field, 
from 5 8 5 ^ in the first generation LS-1 collector design to 6 6 0 ^ in the second generation LS-2 used in 
SEGS ni-V. Further advances, notably the introduction of a sputtered cermet selective coating on tiie 
heat collection element (HCE), fiirther increased solar field outiet temperatures to close to 7 5 0 ^ in SEGS 
Vn*IX. This temperature increase led to better steam turbine inlet conditions and higher power block 
performance. 

Operating Ptants 

The nine SEGS plants, independentiy owned by limited partnerships, continue to operate in the Mojave 
Desert region of Southern Califonua despite the demise of Luz. The first plant has 13.8 MW^ net 
capacity, the succeeding six plants 30 MW^ net capacity and the final two plants are larger at 80 MW^ 
capacity. Each plant is operated by its owners to optimize plant revenues. Since SCE has time-of-use 
electricity rates, it is desirable that high electrical output be delivered to the grid during the utility on-peak 
hours when electricity revenues are highest. This is partially accomplished with the aid of a natural gas 
oil heater which can either supplement the solar field or operate independentiy. The energy supplied by 
natural gas is limited to 25% of the total effective aimual plant energy input by regulations of the U.S. 
Federal Energy Regulatory Commission. The historical capacity additions of the SEGS installations as 
well as a summaiy of electrical output and revenues through 1991 are illustrated in Figure lll-l. 

The basic characteristics of the nine operating plants (SEGS I-IX) are given in Table Hl-l. The first two 
plants are located at Daggett, C^ifomia, about 110 miles northeast of Los Angeles. The next five plants 
are located at Kramer Junction. California, about 40 miles west of the Daggett site. The two 80 MW^ 
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plants are at Harper Lake, between the previous sites. The annual average solar radiation experienced in 
this region is close to the highest found in the mainland U.S. 

While all the plants are in normal daily operation, the absence of the Luz group does affect the facilities. 
Up to 1991. Luz Engineering Corporation carried out tlie routine operation and maintenance OSiM 
functions at each plant under separate contraa to each owner group. In late 1991 and early 1992, this 
responsibility was assumed by three O&M companies set up by the owners at each of the three sites. 
Since Luz was the supplier of the solar field, spare parts for non>standard components of Che solar field 
are not available and the owners have had to evaluate altemative sources. 

The design levels of annual electrical output can be seen in Table HI-l. Plant performance projections are 
derived from an hour-by-hour performance model that was developed by Luz and has been in use since 
SEGS m. The model utilizes published insolation data and takes into account all of the significant factors 
influencing the solar field and turbine performance. To illustrate the actual measured performance of the 
plants. Figure 111-2 shows data on direct normal insolation at the site as well as normalized solar field 
availability and plant capacity factor. These results are for the plants in operation during the year of 
imerest. Solar field availability is the aimual average fraction of the solar field able to track the sun if 
desired; capacity factor is the ratio of aimual electrical output to the maximum possible output were the 
plants run at fiill load for every hour of the year. The significant decrease in insolation and capacity fector 
in 1990 and beyond is due to the weather efifects of the El Nino phenomenon and the upper atmospheric 
effects of the Mt. Pinatubo volcanic eruption in 1991. The influence of decreasing spare parts availabiUty 
in also beginning to become apparent in 1992. 

Maintenance needs include the normal component fiiilures and repair requirements of any operating 
power plant as well as the unique requirements of the solar fields. Over the years of development and 
operation, much has been leamed about SEGS solar field maintenance and, other than the spare parts 
problems mentioned earlier, the operation of these systems has matured into a routine pattern. 

Table OI-l. Summary Characteristics of the SEGS Plants 

Plant 

I 
H 

ra/iv 
V 
VI 

vn 
vni 
DC 

1st Year 
Operation 

1985 
1986 
1987 
1988 
1989 
1989 
1990 
1991 

MWe 
net 

13.8 
30 
30 
30 
30 
30 
80 
80 

SF 
Temp. 

307 
316 
349 
349 
399 
399 
399 
399 

S F A i ^ 
(in*) 

82960 
190338 
230300 
250S60 
188000 
194280 
464340 
483960 

Turbine 
Effit (%) 

Solar 
31.5 
29.4 
30.6 
30.6 
37.5 
37.5 
37.6 
37.6 

Turbine 
Efnc.(%) 
Nat Gas 

— 
37.3 
37.4 
37.4 
39.5 
39.5 
37.6 
37.6 

Annual 
Output 
(MWh) 
30100 
80500 
92780 
91820 
90850 
92646 

252750 
256125 
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Fig, 01-2. Annual Performance of the SEGS Hl-Vni Group for 1987-1992 
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DESIGN ASPECTS OF A SEGS PLANT 

Introduction 

SEGS plants situated in difiercnt Hawaiian sites could range in capacity from 15 MW^ to over 80 MW^ 
depending on utility needs, site corulitions and the existence of an inter-island undersea transmission 
cable. These points are discussed in sections II and IV on utiUty needs and siting. Specific sites would 
impose differing needs for civil engineering requirements (grading, foundations, flood control) as well as 
other site-related design issues related to water supply, water waste handling, electrical interconnect to the 
local transmission system, and solar field sizing. The major features of an Hawaiian SEGS plant, 
however, are not site-dependent, other than plant capaci^. The configuration of the power block, the 
design of the solar field collectors, and the method of operation would be essentially identical. 

System Design 

For purposes of this report, we will assume a plant capacity of 80 MWe. The reference Hawaiian SEGS 
power plant concept is comprised of the solar field, power block, plant services (water supply system, 
fossil fuel supply, power transmission lines).'and water treatment system. The plant will require a land 
area of approximately 500 acres for the solar field, power block, and balance of plant equipment. 
Maximum solar energy delivery with parabolic troughs is obtained with the axes of the solar collector 
assemblies oriented in the north-south direction, although other orientation are possible and may be 
required due to the terrain of a specific site. The power block and balance of plant are located near the 
center of the solar field and cover an area of about three acres. In this area would be all the major 
mechanical and electrical equipment subsystems required for power production. 

A process flow diagram of Uie system is shown in Fig. 111-3. The solar field is an advanced Luz solar 
system incorporating line-focus parabolic trough collectors, illustrated in Fig. III-4, that collect and focus 
sunlight onto vacuum-insulated steel pipes. A heat transfer fluid (HTF) is circulated through the solar 
field where it is heated and supplied through a main header to the solar heat exchangers located in the 
power block. The solar-heated HTF generates superheated steam in two sets of heat exchangers (each set 
with 50% of the total capacity). The superheated steam is then fed to the high-pressure (HP) casing of a 
conventional steam reheat tuibine. The steam is reheated in two solar reheaters before being fed to tiie 
low-pressure (LP) casing. The spem steam from the turbine is condensed in a standard condenser and 
retumed to the heat exchangers via condensate and feedwater pumps to be transformed back into steam. 
Afier passing through the HIT side of the solar heat exchangers, the cooled HTF is then recirculated 
through the solar field to repeat the process. 

The Luz system is built up from solar collector assemblies (SCAs), each consisting of a row of individual 
trough collectors driven by a single drive train. The mirrored parabolic troughs concentrate direct beam 
radiation onto a heat collection element (HCE), which is a steel pipe having a spedal selective coating 
surrounded by an evacuated annulus to enhance peiformance. An advanced local microprocessor 
controller, in conjunction with a sun sensor, tracks the sun and keeps the collectors focused during periods 
of sufficient insolation. 

The SCAs are arranged in a large array ^ i c a l l y consisting of parallel rows with three units per row. The 
row-to-row spacing is optimized to minimize piping costs and row-to-row shadowing in the morning and 
evening hours. The temperature of the HTF through the solar field increases from 5591^ at the inlet to an 
outiet of 7 3 5 ^ . Both the solar field piping and the HTF expansion tank are suitably insulated to minimize 
thermal losses. The thickness of the insulation and the diameter of the piping has been selected to reach a 
balance between surface area heat loss, parasitic pumping power, and overnight heat losses from tiie 
volume of HTF remairung in the field piping. 
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An auxiliary diesel-oil fired HTF heater supplies an alternate source of energy to produce tuibine inlet 
steam. This allows the production of electricity in evening hours or daytime hours with low insolation, if 
called for by the plant operating strategy. 

The spent steam is condensed by the cooling system, which includes a shell-and-tube condenser and a 
cooling tower. A control building houses a central nucroprocessor that monitors and controls plant 
operations. During reduced insolation conditions, the solar field and HTF heater can operate in parallel to 
provide electrical generation. Electrical power output from the plant is supplied to the local transmission 
line from an on-site switchyard. 

Major Equipment And Systetns 

The following paragraphs describe the major components and subsystems of the plant. 

Solar Field 

Solar Collector Assembly 

The basic component of the solar field is the Solar Collector Assembly (SCA). The parabolic trough solar 
collector is a mirrored glass refiector which focuses direct radiation on an efficient evacuated receiver, or 
heat collection element (HCE). The Luz-designed solar field is based on three generations of solar 
collector technology. A total collecting surface of 2.2 million square meters are currentiy in operation. 
The primaiy components of an SCA are the line concentrating device or reflector (made up of mirrored 
glass); the metal support stmcture; the heat collection element, or receiver, and the tracking system (drive, 
sensors, controls). The fidl solar field, consisting of a number of SCAs, is controlled by the Field 
Supervisory Control (FSC) system. 

Table 111-2 shows the evolving characteristics of the three SCA designs. The control system and heat 
collection elements are virtuaUy identical in the latter designs, with the significant changes being in the 
reflector aperture area, structural design and drive systems. 

Table IIT-2. Characteristics of LUZ Parabolic Trough SCAs 

S£A . 
Aperture Area (m^) 
Aperture (m) 
Length (m) 
Conceatration ratio 
Optical Efficiency 
SCAs in Service 

Heit CollectioD Element 
Diameter (m) 
Length (m) 
HOE'S per SCA 
Selective Surface 
Transmittance 
AbsoTptance 
Emittance 

at Temperanire ("€) 

LS-1 

128 
2.55 
50.2 
61 

0.734 
1096 

0.042 
3 
16 
BC 
.95 
.95 

0.30 

300 

LS-2 

235 
5.0 

47.1 
71 

0.737 
4670 

0.070 
4 
12 
BC 
.95 
.95 

0.24 

300 

L M 

545 
5.76 
95.2 
82 

0.80 
1956 

0.070 
4 
24 

Cermet 
.95 
.96 

0.19 

350 
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Reflector Panels 

The refiector is made up of hot-formed mirrored glass panels, supported by the truss system which gives 
the SCA its structural integrity. The aperture, or width, of the parabolic rcflcaors is 5.76 metei^ and the 
overall SCA length is 95.2 meters (net glass). 

The glass itself is produced by tiie standard fioat-glass method, in which molten glass is conveyed onto a 
bath of molten metal, such as tin. The high temperature of tiie molten metal smoothes out any 
irregularities on the sui&ce, making a flat, even sheeL As the glass floats on top of the bath, the 
temperature of the molten metal is gradually reduced until the glass solidifies. The glass used for solar 
applications (and car rear view mirrors) has an especially low iron content to maximize the transmissivity 
of solar radiation as it passes through the glass. (The iron content is 0.015% maximum, compared to 
0.13% in normal glass, giving a transmissivity of 98%.) 

Afier being cut to the proper sizes, the float-glass is silvered on the back, and four protective coatings -
one copper and three lacquer • are added. The final protective lacquer also covers the edges of the glass. 
The glass panels are conveyed on very accurate parabolic molds through a long, gas-fired oven, allowing 
the glass to sag into the parabolic shape. Finally, ceramic pads (previously metal pads) for attachment to 
the collector structiu'e are installed with a special adhesive. The precision shape of selected glass panels is 
tested for accuracy with a laser test device. 

There are 224 reflector panels in each SCA. each panel 3.2 mm thick arul an average 2.24 sq. meters in 
area. The reflectors are designed with a concentration ratio of 82. The quality and accuracy of the panels 
yield a reflectivity of 94%, with 97% of tite reflected rays being incident on tiie HCE. 

Heat Collection Element 

The HCE consists of a 70 mm steel tube with a cermet selective sur&ce, surroimded by an evacuated glass 
tube, as illustrated in Figure Ul-5. The HCE incorporates glass-to-metai seals and metal bellows to 
achieve the vacuum-tight enclosure. The vacuum enclosure serves primarily to protect the selective 
sur&ce and to reduce heat losses at the high SEGS operating temperatures; the vacuum level is about 10-4 
ton (a torr is a unit of pressure equal to approximately 1 mm Hg or 1^60 bar). The cermet selective 
surface has an absorptivity of 0.96 for direct beam solar radiation, and a design emissivity of 0.19 at 
350°C. The outer glass cylinder has anti-reflective coating on both surfaces. Getteis (metallic substances 
which are designed to absorb gas molecules) are installed in the vacuum space to absorb hydrogen and 
other gases which have been released into the vacuum annulus over time. Luz Industries Israel has 
developed a modem, high quality manufacturing plant to produce this component 

EvQOiKition N e x i l * 
Micuuf f l b * t w » a n 
g low • n v a l e p * 
a n d m * t m t u b * • • a l 

Sto«l MHOrtMf Tuba 
Glo ia Enve lop* 

C tMmieo i Speno«« 
( a « t t « n ) t o 
ma ln tak i and 
Ind ica te i t o t u i 
of vacuum 

R o n o * 

••llowi 

Fig. in-5. Heat Collection Element 
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The Luz cermet surface consists of a ceramic material and a refractory metal, and is continuously graded 
from a predetermined ratio of the two components at the metallic tube surface to pure ceramic at the 
outside surface. The total thickness of tiie coating is approximately 1/3 micron (1 micron = 10"^ meters), 
or 3500 Angstroms. 

The cermet coating is applied to the steel absorber tube by sputtering, which is a widely-used process for 
applying thin coatings. Sputtering is a vacuum deposition technique in which a coating is deposited by 
ion bombardment of a surface. The ions are energized by a high electric field created by a cathode/anode 
configuration, with the cathodes excited eitiier by a simple DC voltage or by an RF (radio fi^uency) field. 
The process takes place in a vacuum of 10*̂  torr, with a background gas of inert argon. In general, the 
substrate (surface being coated) can be cooled or heated, depending on the desired properties of die 
coating. 

Sputtered cermet selective surfaces are known for their high temperature stability (very stable at 
temperatures above 1000°F), and for their excellent durabiUty and long lifetime under high solar radiation 
flux levels. The coating on the heat collection element is in fact made up of four layers, namely, an 
anti-difiiision layer, an IR reflective layer (for the very low emissivity), the cermet layer, and an 
anti-reflective coating (AR layer). 

In operation, the metal bellows shown in Fig. III-5 take up the difiereoce in thennal expansion between 
the hot absorber tube and the cool outer glass tubular envelope as the HCE heats fiom starulby temperature 
(in tiie morning before solar field startup) to operating temperature. The bellows is welded to the absortxr 
tube on one side and to the glass by a glass-to-metal seal on the other. The integrity of both of these 
sealing welds has proven to be excellent in actual field operation. 

Tracking System 

A closed loop tracking system relies on a sun sensor for the precise alignment required to focus the sun on 
the HCE in operation, and sends commands to a hydraulic drive system to position the SCA. The SCA 
can move from the maximum stow position (-30° below the sunrise horizon) to a few degrees above the 
sunset horizon. Normal stow position is -30° to minimize wind loads. Overall positioiung accuracy is 
about ± 0.1 degree. 

Tracking of each SCA is controlled by tite local controller (LOG), which is a powerful microprocessor that 
includes two printed circuit boards used, respectively, for primary control and commurucations. and for 
motor control. The LOC performs its task working in conjunction witii the sun sensor, position indicator 
and motor-drive uiut It also monitors the temperature of the heat transfer fluid in the SCA via a 
temperature sensor, and performs important fimctions with respect to operating condition alarms, 
maintenance diagnostics and communication with the FSC. 

The sun sensor utilizes a unique convex lens which focuses fight on two Ught-sensltive diodes separated 
by a narrow non-sensitive strip. Resolution is about 0.05°. The sun sensor has proven its tracking abiUty 
in actual operation, and is unaffected by clouds, h a ^ weather or dirt accumulating on the lens. A position 
indicator is used to give the position of the SCA about its axis, but this is primarily required for initial 
monung orientation of the SCA until the sun sensor acquires the sun. The potentiometer (or equivalent) 
is moimted on the axis of the drive system, giving an overall resolution of 0.3° over the entire r a n ^ of 
210°. 

The LS-3 drive system must deliver the torque required to move the SCA in windy conditions. In the 
LS-3 design, a hydraulic power unit moves two cylinders. Control of these cylinders is exercised by two 
selectors or valves (one for each cylinder) which determine tiie direction of motion for each cylinder. The 
power uiut consists of a hydraulic pump, 3/4 HP-230 VAC-60 HZ motor, pressure reducer and the two 
selectors. The cylinders rotate the SCA in a direction controlled by the selectors according to commands 
fiom the LOC. Tbecylinder is locked between motion conmiands by an over-center device. CyUndersare 
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either 55 mm or 70 mm in diameter, depending on SCA location, with a stroke length of 700 mm. The 
hydraulic power uiut is located within the pylon structure. During tracking, the motor operates the pump 
for 1 second nominally on a 10 second interval. The pump builds up the hydraulic pressure in the 
cyUnders, according to selector position, in a controlled fashion; that is. instantaneous full loading is 
impossible. 

The reflector panel structure and drive system are designed for normal operation and accuracy in winds up 
to 20 mph, and at a somewhat reduced accuracy in winds up to 45 mph. However, for safety reasons the 
field is stowed when average wind speeds are above 35 mph. At night, during high winds, or during other 
times when the solar field is not operating the SCAs are stowed in a &cc-down position at -30° for 
protection. The SCAs are designed to withstand a maximum wind velocity of 70 mph while in the stow 
position. 

SCA Structure 

The LS-3 collector is slightiy over twice as long as the earlier LS-2 collector, with a 14% larger reflector 
aperture width. However, more than just an increase in scale, the LS-3 design reflects a fimdamental 
change in design philosophy. While the LS-2 mechanical components were designed to high tolerances 
and erected in place in order to obtain the required optical performance, the LS-3 assembly is a central 
truss which is built up in a jig and aligned precisely before being lifted into place for final assembly. The 
result is a structure that is both stronger and lighter, in which the torque tube of the LS-2 has been 
replaced by paraUel triangular truss membeis to which the reflector support arms are attached. This 
configuration provides the torsional strength for accurate tracking and for stowing against wind loads. 

The heart of the structure is a pair of two V-irusses formed into an assembly by two end truss plates. 
Attached to the V-trusses are reflector support arms to which the refiector panels are fastened. Assembly 
of the trusses is carefully monitored for quality, ensuring that the initial focus of the assembly meets 
specifications for accuracy. 

Field Control System 

In the cunent plants, the solar field control system consists of a field supervisory controller (FSC) located 
in the central control building and local microprocessor controllers (LOC) located on each SCA. The 
FSC, a powerful microcomputer, moiutors insolation, wind velocity, and HTF pump/flow status, and 
communicates with all of the IXXs. When the appropriate conditions exist, tiie FSC initiates tiie 
commands to send the SCAs to track the sun, and at the end of the day stows the solar field. If major 
alarm conditions occur during operation, the FSC or LOCs automatically take action to protect the solar 
field equipment From the FSC the operators can monitor the status of the SCAs in the solar field. Once 
the FSC sends a command to the solar field, the LOCs take over and control the actions of the individual 
SCAs. The LOC utilizes the positioiung sy^em components to accurately focus the SCA. 

Heat Transfer Fluid tH'lV) System 

System Design 

The HTF system is the closed loop through which the Heat Transfer Ruid, a syntiietic diphenyl/biphenyl 
oxide oil, flows at a nominal rate of 8 million pounds per hour. The loop begins at the HTF expansion 
vessel, which allows thennal expansion of the HTF. A nitrogen service unit maintains a 165 psia inert 
atmosphere above the fluid level in the expansion vessel. HTF degradation gases are removed from the 
expansion vessel through the ullage venting system. The HTF pumps draw fluid from the expansion 
vessel for circulation to the cold headers in the solar field. The cold header feeds, in parallel, flow loops 
of 6 SCAs each. Valves at the inlet to each loop are used to balance the flow through the loops. 
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After being heated to 7 3 5 ^ in the solar field, the HTF is transported via the hot headers to two parallel 
trains of 50% fuU-load capacity heat exchangers. The HTF flows counter-cunent to the feedwater flow of 
the turbine steam-water system, which also passes through the heat exchangers. First the HTF passes 
through a heat exchanger that superheats the inlet steam to the hiibine. The HTF then flows through a 
steam generator and a preheater, respectively generating saturated steam and preheating the feedwater to 
the steam generator. In parallel with these trains of heat exchangers, a portion of the HTF flows to two 
heat exchangers that reheat the steam that is flowing from the high-pressure to the low-pressure stage of 
the tuibine. The HTF temperature drops from 735°F to 559*^ as its energy is transfened to the steam 
cycle in the heat exchangers. 

The HTF flow can bypass the heat exchangeis through a bypass line. The bypass is used during warm-up 
operation until the solar field heats the HTF to a temperature sufficient to generate turbine steam. The 
bypass also opens afier a turbine trip when in solar mode in order to shut off the supply of tuibine steam. 
The HTF flows from the heat exchangers to the expansion vessel to repeat the cycle. 

HTF Pumps 

The HTF is circulated by two 50%-fuU flow variable-speed centrifugal pumps operating in series or 
individually to provide flow at any desired flow rate. (A third standby 50% variable-speed pump provides 
backup capacity, with a maximum of two pumps in series). The design full-load HTF flow is 19,600 
gaUons per minute at 5 5 9 ^ , at a head of 318 psi. The pumps are driven by a 4160V variable frequency 
drive (VFD) with a combined rating of 6000 hp. The VFD is used on all pumps to control tiie HTF flow 
to maintain a constant HTF temperature of 735°F at the exit of the solar field. 

I 

A uxiliary HTF Heater 

The energy provided by the solar system is normally collected during each day of adequate solar 
conditions. During periods of low insolation and in non-dayfight periods when electrical generation is 
planned, a supplemental fossil-fired HTF heater can be operated to provide energy to produce turbine 
steam. In tite earlier SEGS plants, a fossil-fired boiler was used to supply supplemental steam. In the 
later plants, the fuU heater system consists of four separate 25% capadty units. The heater system also 
suppUes heat to the HTF system at pan load or to prevent HTF freezing during cold conditions. 

Power Block And Balance-of-Plant 

Figure III-6 gives the expected layout of the power block and BOP equipment for the SEGS plant. Brief 
descriptions of tite major equipment follow. 

Steam Generation Equipment 

The steam generation system includes two superheaters rated at 393,257 pounds per hour each at 7 0 5 ^ 
superheated steam with 1,500 psia nonunal outiet pressure, and two steam generators rated at 393,257 
pounds per hour each at 5970F saturated steam at 1,504 psia. Hot HTF heated to 735'*F by insolation is 
used to produce tiie steam. Feedwater at 454^F for the steam generators comes from the final feedwater 
heater outiet, first passing through the preheater where it is brought to 5 9 7 ^ . The superheated steam 
enters tiie hirbine at 7 0 0 ^ and 1,450 psia. 

The hot HTF also fiows to the reheater in parallel to the preheater-steam generator-superheater train. 
Steam at 265 psia is reheated from 4 0 5 ^ to 705*^ in tiic reheater units. 

Steam Turbine 

The tuibine consists of high- and low-pressure sections. It receives high-pressure (1,450 psia), 
medium-temperature ( 7 0 0 ^ steam from the steam generators supplied either by the solar field (solar 
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mode), the fossil-fired HTF heater (fossil-fired mode) or a combination of steam from both sources (hybrid 
mode). 

Fig. III-6. Typical SEGS Power Block Layout 
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The steam exiting from the high-pressure casing is reheated in the reheater before feeding the 
low-pressure casing. Exhaust steam from the turbine is directed to the condenser; extraction steam is used 
to heat and deacrate the feedwater supplied to the steam generators. The turbine/generator is installed on 
a tuibine support table and exhausts downward into the condenser. 

Generator 

The generator set is a totally enclosed, water/air-cooled type with stationary armature and cylindrical 
rotor, rated at 108 MVA, 13,800 volts, three-phase, 60 Hz, and 3,600 rpm. The generator output voltage 
is supplied to a main transformer for conditioning. This transformer also provides electrical power from 
the power grid when the turbine/generator set is not on line. The output power is interconnected on site to 
the uransmission line to the grid. 

Cooling-Water and Water Treatment Systems 

The cooling-water, water treatment heat rejection and waste-water discharge systems design will be site-
specific. 

Electrical System 

The electrical equipment will be partially site-dependent, and consists of transformers, switchgear, motor 
control centers, cable bus ducts, DC electrical systems, UPS systems and instrumentation-and-control 
systems. System descriptions and ratings are general in nanire and subject to change as a result of 
finalized utility requirements, fault calculations, and code and standard requirements. Typically the 80 
MW SEGS plants in California delivered power to tiie grid at 230 kV. 

Distributed Control System 

Plant process control, indication and annunciation are handled by a computer-controlled distributed 
control system (DCS). Major subsystems of the DCS are devoted to the solar field, turbine-generator, 
fossil-fired HTF heater, and heat-transfer-fluid system. Operator interface occurs through cathode-ray 
tube (CRT) displays and panels in the control room. The DCS operates on a 120-VAC battery-backed 
power system. 

The DCS is a unified control system comprised of individual control units. It provides coiurol, 
monitoring, data acquisition and operator interface to the various plant systems. The DCS controls the 
HTF system and most significant systems with the balance-of-plant (BOP) and power block. It also 
communicates with the FSC to ensure that the FfTF flow and solar field operation are fiilly coordinated. 
Systems with vendor-suppUed controls, such as the tuibine-generator and water treatment system, have 
control interfaces with the DCS to provide status reports and to receive instructions on mode of operation, 
setpoints and alarms. 

COST ESTIMATE 

The electricity costs of SEGS plants in California reduced steadily from their introduction in 1984 
through the construction of SEGS DC due to a reduction in unit capital costs and an increase in output per 
dollar invested. Capital costs dropped from about $4500/kW to just over S3000/kW as the solar collector 
technology reached its third generation and plant sizes increased from 14 MW to 80 MW. 

The capital cost estimates presented here are based on reference cost data for the SEGS plants and factors 
specific to an installation in Hawaii. The costs are generalized in that they are not developed for a specific 
site. These costs assume a turnkey project with a lead EPC (engineering, procurement and construction) 
contractor. Cost elements in the SEGS estimate include the following: 
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• Site Preparation: grading, roads, fiood protection, and land 
* Buildings/Fence: control and maintenance buildings, security fencing 
• Solar Field Material: collector and foundation equipment 
* Solar Field Installation: installation costs of solar field 
• HTF System: pumps, headers, fluid 
• Tuibine/Gcnerator: turbine/generator set 
• Boiler/Heater: auxiliary fossil-fired steam source 
* Other Power Block Equipment: major steam-water cycle equipment 

other than turbine-generator 
• Electrical: electrical wiring, motor control centers, other 
* BOP: balance-of-plant equipment (e.g., cooling towers and pumps. 

solar heat exchangers, diesel set ^ r compressors) 
* Substation/interconnect: transformers, switchgear, breakers, tower 

interconnect to transmissioa line 
* Indirects: field supervision, field engineering, miscellaneous construction facilities. 

Sales tax, interest during construction and profit are not included in the indirects. 
* Other engineering, start-up 
• Contingency: reserve margin for estimated uncertainties @ 15% 

SEGS cost data from the California plants have been adjusted for Hawaii conditions. A key source for the 
cost adjustments was the 1992 study by Black & Veatch for HECO on new generating facilities (Ref m-
1). Table QI-3 compares cost assumptions for Hawaii compared to the reference SEGS plants, as well as 
showing other adjustment factors which were applied to all labor, materials and equipment cost. The final 
SEGS cost estimate resulting from the application of these adjustments to the reference SEGS costs is 
given in Table III-4. The total cost is S3845/kW. tiiough this can vary considerably depending on site 
conditions. As an example, consider a site in which grading is iu)t an issue (e.g., the Pearl Hartx)r Blast 
Zone area), larul costs are $30,000 per acre, both transmission and water costs are one-half of the asir^i'"^ 
cost and a contingency of 10% is applied. In this case, the total cost reduces to $3080/kW. Though it is 
hard to acciuately portray the range of costs tiiat could be incurred over a broad spectrum of sites, it is our 
recommendation that an uncertainty band of 15% be applied to the reference plant cost, resulting in an 
estimated range of $3500/kW to S4200/kW for a reference 80-MW SEGS plant in Hawaii. Smaller plants 
will be more cosUy; as a rule of thumb from SEGS construction experience, the cost increment over 80-
MW plant costs is about 15% for a 30 MW plant and 30% for a 15 MW plant 

Table 01-3. Cost AdjustmenU for a SEGS Plant in Hawau 

Cost Element 
Grading/flood protection 
Land cost 
Water supply/treatment 
Transmission/interconn 
Excise taxes 
Ocean freight 
Labor wage rate adj 
Labor productivity adj 
Contingency 

Mojave SEGS 
-
SlOOO/acre 
$I10/kW 
$55/kW 
— 
— 
— 
— 
10% 

HECO Study 
-
— 
$58/kW 
$480/kW 
4.16% 
5% 
20-25% 
15-25% 
10-30% 

Hawaii SEGS 
3x higher 
WO.OOO/acre 
$60/kW 
$ll0/kW 
4.16% 
5% 
20% 
20% 
13% 
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Table m ^ . Cost Estimate for Reference SEGS Plant in Hawaii (1992$) 

CatCKorv 

Site Preparation 
Grading 
Flood Protection 
l;ind 

Other 

Solar Field 
Equipment 
Installation 

Hll- System 

Power Equipment 
Power Block 
Fire/Water Systems 
BOP 
Electrical 

Substation/Interconnect 

Total Direct Costs 
Totallndirect Costs 
Total Otiier 
Contingency 

Total 

$/kW 

Subtotal 920 

Subtotal 1000 

Subtotal 415 

Subtotal 505 

Subtotal 120 

Unit 

S/kW 

295 
180 
210 
235 

860 
150 

325 
60 
90 
30 

2960 
245 
50 

590 

3845 

Cost 
%of 
Direct 

10 
6 
7 
1 
31 

29 
5 

34 

14 

ll 
2 
3 
1 
17 

4 
%of 
Total 

77 
6 
2 

15 

100 

SEGS PERFORMANCE PROJECTION for HA WAH 

Performance Model 

The methods utilized to project the performance of tiie SEGS plants improved considerably over the 
period of SEGS development. Initially, the performance model utilized average monthly projections and 
incorporated relatively simple models which did not do justice to the complexity of a solar electric power 
plant or deal adequately with the peaking characteristics of the operating strategy. 

The complex interactions of a hybrid solar/fossil-fired electric power plant require an hour-by-hour 
method which accurately models the solar field, power block and fossil-fired HTF heater performance to 
project overall plant output Such a model was developed for the SEGS plants based on similar 
peiformance models written by SERI and the University of Wisconsin. The current performance model 
used at the SEGS sites takes imo account the relevant physical characteristics of the solar field, 
turbine/generator system, HTF piping and important BOP systems. 

The performance model utilizes houriy solar radiation conditions to predict the performance of the solar 
field from fundamental informatioiL For each hour, the direct radiation incident on the plane of the 
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collector aperture is computed from direa normal radiation data. From this and the peribrmance 
characteristics of the collector, the energy delivered by the solar field to the heat transfer fluid is 
calculated. The production rate of solar steam is then detennined for the appropriate solar steam 
corulitions, after accounting for piping heat losses and heat exchanger losses. If the hour is in the daily 
start up or shutdown stage, transient thermal capacitance effects are also considered. At night collector 
and piping heat losses are detennined using standard quasi-steady state heat transfer methods. The model 
contains an operating strategy that determines whether a particular hour is to be a solar-only, fossil-only 
or hybrid operating mode. For Hawaii, calculations have been carried out for the solar-only mode. 

The subroutine which treats the turbine-generator does not carry out a complete Rankine steam cycle 
analysis for each hour. Rather, it uses full-load or part-load tuibine efficiencies for each mode as provided 
by the turbine manufacturer. For each hour, the percent load of the hubine is determined based on the 
steam inlet mass flow rate, and the gross electrical output is calculated using the appropriate turbine heat 
rate along with the inlet steam conditions. Electrical parasitics arc calculated b^ed on the operating 
mode. In the solar mode, heat transfer fluid pumping requirements, which are a function of the solar field 
performance, are an important contributor to the parasitics. Finally, the net electric power is detennined 
for the hour. Comparisons between the model output and actual plant operating data were used to validate 
the model algorithms and input data. As discrepancies between the data and model were found, 
modifications were made to improve the ability of the model to more accurately projea plant performance. 

One important drawback in this model limits its acciuacy for performance projections in Hawaii. While it 
is the best model available for solar thennal electric performance projections for a SEGS plant it is 
deficient in its ability to deal with the imermittent cloudy conditions that are typical of Hawaii. This point 
will be explored in more detail below. 

Insolation Data Base 

The weather data base required for the SEGS performance model must contain hourly data on direa 
normal insolation (DNI), direa insolation incident on the plane of the collector array, the incidence angle 
of the sun to the earth, ambient air temperanire and average wind speed. The second and third values are 
calculated knowing the date, time of day and DNI. While extensive radiation data bases exist for Hawaii, 
these normaUy contain only global horizontal radiation data. This quantity, which consists of the direa 
insolation falling on the horizontal surface of the earth plus diffuse (or scattered) radiation, is not 
sufficient for performance calculations with concentrating coUeaors. Hence, an important step ujwards 
estimating performance in Hawaii was to establish a data base for DNI. While it would have been 
possible to use recent insolation modeling techniques to estimate DNI firom $\6bai horizontal insolation 
data, our preference was to locate actual measurements. 

Fortunately, this became possible through Dr. Paul Eckem, formerly of the University of Hawaii at 
Manoa. With his assistance, a DNI hourfy data tiase was assembled fiom NIP measurements (stands for 
Normal Incidence Pyroheliometer, which is an instrument that measures direa normal insolation) made 
from the roof of Holmes Hall at the University during tiie years 1979-1987. The year 1979 was chosen as 
a typical solar year for this evaluation. Other data are available that allow estimates of island-to-island 
variations. These variations are discussed in Appendix B. The ambient temperature and wind data, which 
have a lesser influence on the performance results, were generated from long-term averages of National 
Weather Service data from Honolulu. The magnitude ol the variations in DNI between Holmes Hall and 
other locations of interest throughout Hawaii are discussed below. 

Knsolation Levels 

Important characteristics of the NIP data are the average magnitude and the extent of hourly and daily 
variations in Hawaii compared to that experienced by the SEGS plants in California. The annual average 
of the DNI readings at Holmes HaU for 1979 is 5.01 kWh/m^-day, compared to 7.44 in tiie Mojave desert 
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The monthly ratios of average direct normal insolation values between the two locations are given in 
Table 1II-5. 

While the performance of concentrating collectors is dependent on the direct normal radiation, the 
relationship is direcUy proportional only for point-focus systems (central receivers or parabolic dishes) 
that track in two axes and point directiy at the sun. The performance of parabolic trough coUeaors, which 
track the sun on a single axis, conelates directiy with the component of the direa normal insolation 
incident on the plane of the collector aperture. The ratio of the level of this radiation betw^n Hawaii and 
the Mojave sites is given in Table 111-6. 

The positive effea of the lower latimde in Hawaii (Honolulu is at 21.3°; SEGS sites are at 35.0°) can be 
seen by comparing the two tables. The ratios are about the same in summer, when the sun is at 
comparable angles of incidence to the site. In winter, however, the sun is higher in the sky in Hawaii and 
the component incident on the plane of the colleaor is greater. 

Table HI-S. Comparison of Direct Normal Insolation 
(Ratio of Hawaii NIP/MoJave NIP) 

Month 
January 
February 
March 
April 
May 
June 

Ratio 
0.646 
0.463 
0.746 
0.661 
0.578 
0.479 

Month 
July 
August 
September 
October 
November 
December 

Ratio 
0.624 
0.728 
0.815 
0.695 
0.822 
0.985 

Annual average ratio: 0.673 

Table in-6. Comparison of Direct Insolatioa Incident on the Aperture Plane 
(Ratio of Hawaii/Mojave) 

Month 
Januaiy 
February 
March 
April 
May 
June 

Ratio 
0.800 
0.541 
0.819 
0.688 
0.586 
0.481 

Montii 
July 
August 
September 
Oaober 
Novemtwr 
December 

Ratio 
0.627 
0.750 
0.877 
0.794 
0.998 
1.226 

The fnagnihirtft of daily variations are shown in Figure III-7 for both the direa normal insolation and the 
direa insolation incident on the colleaor plane. Note tiiat there is more daily variation in the Hawaii 
data, and that the difierences in average levels diminish when the latitude effea is taken into account. 

Of more importance is the hourly comparison. Figure IH-S shows data for hourly bins of insolation, 
which contain the number of hours for which the insolation is within a specified range. For example, the 
Daggett NIP was between 400 and 500 W/m^ for 250 hours of the fiill year. The data show tiiat there is a 
significantiy greater occurrence of lower insolation in Hawaii and very few hours of high insolation (above 
900 W/m2). 
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a) Direct Normal Radiatian 
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Fig. IIJ-7. Daily Injolatioo Patterns in Hawaii and California (Mojave Desert) 
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Fig. 01-8. Comparison of Houriy Insolation Occurrences 
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Performance Projections 

The insolation data were used in the SEGS performance model to projea the performance of an 80-MW 
plant located at each site. The Mojave projection is usefiil as a reference for comparison. Figure in-9 
shows tiie daily gross electrical output plotted against day of the year and also against the direa insolation 
incident on the plane of the colleaor. The latter plot shows the good correlation of electrical output as a 
fimctioo of daily planar insolation. The monthly electrical outputs for the Holmes Hall data are presented 
in Table 111-7. The annual output of 119,119 MWh/year in Oahu compares to 180,520 MWh/year in the 
Mojave, or a reduction of 34%. 

However, this resuit does not refiea the tine impaa of intermittent clouds on performance. The effects of 
clouds are greater than might be predicted simply from the reduction in average solar radiation. There are 
transient effects in the power block that magnify this impaa. Consider a passing cloud bank of, say. 15 
minutes duration. As the solar resource falls, HTF flow rate needs to be reduced by the control system. 
Steam flow rate will drop, and tuibine load will fall off (decreasing tuibine efficiency), possibly reaching 
the point that the tuibine must come off line. If the HTF flow is maintained, solar field heat losses to the 
environment will continue, HTF parasitic pumping losses will continue, the turbine and PB/BOP will cool 
down, and heat coUeaed by the solar field would need to be rejected to the environment (e.g., turbine 
steam bypass). When the insolation increases, heat will be required to wann up the PB/BOP until a 
startup condition is reached. 

Table ni-7. Performance Projections for 80-MW Plant 
using Holmes Hall Data 

Month 
January 
February 
Mareh 
April 
May 
June 

MWh 
3393 
3870 
10216 
12534 
12484 
9903 

Month 
July 
August 
September 
Oaober 
November 
December 

MWh 
13811 
15373 
14492 
9189 
7130 
6724 

Annual Total: 119119 MWh 

Another area of concern arises with respea to intermittent clouds. The transient effects discussed above 
can occur within minutes in a conventional SEGS configuration without storage. But the performance 
model only accepts hourly averages, masking tiie true extent of variations in insolation that may IK 
occurring. For example, an average hourly insolation of 600 W/m^ could be achieved with a steady 
insolation of this level over tiie hour or, say, by alternating lO-minute durations of 400 and 800 W/m^. 
While using smaller time increments would be an improvement, the SEGS performance model does not 
have the appropriate modeling terms to properiy account for these effects. Better modeling of such 
transient effects would increase the complexity of the model significantiy, and was not an issue for SEGS 
plants in the Mojave where intermittent cloudy conditions are infirequent 

The effea of these deficiencies in the radiation data base aiul the model is to overprojea performance, and 
hence the performance projections given above are assumed to be high. In our judgment the projections 
are optimistic by a faaor in the range of 10-20%. Hence, the performance of an 80-MW SEGS in Oahu 
might be expected to be about 60% of the performance of an identical plant in Southem C^ifomia. At a 
60% level, the annual output would be about 108,300 MWh (solar only), conesponding to a capacity 
faaor of 15.4%. Supplementary firing could bring this level up to any desired capacity faaor. 
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The DNI levels at the preferred sites on the other islands range up to 13% higher. This could result in a 
performance increase of about 15%, or an annual capacity factor of 17.8% in solar-ortiy operation. 

a) Daily Gross Electrical Outputs 
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Fig. III-9. Electrical Output of 80-MW SEGS in Hawaii and California (Mojave Desert) 
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THERMAL ENERGY STORAGE AND BACK-UP OPTIONS 

The electrical output of a solar thennal electric plant is inherentiy in a state of change, being dictated by 
both predictable and unpredictable variations - namely, the influences of time and weather. In either 
event utility system needs may require a fully functional back-up system or buffer storage system to 
mitigate the changes in solar radiation. A badc-up option can supplement a solar energy source with a 
reliable altemative source, providing greater control over the dispatch of the electricity delivered by the 
facility. The storage option can store energy for shifting its delivety to a later time, or for smoothing out 
the plant output during intermittentiy cloudy weather conditions. Possible storage or back-up options 
include shon-term thennal energy storage, fossil-fired steam generators or heaters, chemical energy 
storage and electric lottery storage. The fossil-fired systems have more flexibility but introduce the 
requirements of fuel availabiUty arul handling. 

The SEGS plants in Southem Califonua incoiporate both limited sensible heat thermal storage (in the 15 
M W Q SEGS 1 plant) and gas-fired back-up systems (in SEGS n-IX). In contrast to the perceived needs of 
a similar plant in Hawaii, these facilities are designed to meet strong peaking power demands of the utility 
and are situated in a region with few days of intermittent clouds. The local utility • Southem Olifomia 
Edison Company - has a high summer afternoon and evening peak due to air conditioning loads, and the 
goal of the plant supplementary energy systems is primarily to provide reliable capacity on summer 
afternoons and evenings. Since these are IPPs which sell electricity to tiie utility, the incentive to provide 
this capability is solely economic and is driven by the much higher electricity revenues in the peak 
periods. The SEGS plants after SEGS I utilized a gas-fired back-up system rather than storage because of 
the need for a more reliable and flexible means to mea summer peak demands, as well as estimated high 
storage system costs. 

Need for Storage or Supplementary Back-up in Hawaii 

Seasonal and diurnal system variations in Hawaii are relatively small, as discussed in section n, HECO's 
peak monthly demand, for example, varies by less than 15% over the entire year. Diurnal loads are quite 
flat from about 9 a.in. to 4 p.m., followed by peaks up to 11% in winter during the 5-7 p.m. period. 
Figure m-lO compares a typical solar output pattern to HECO's demand profiles. Assuming that a SEGS 
plant were pari of the system supply mix, it appears unlikely that these small peaks would justify thermal 
energy storage or a fossil fuel or biomass fired back-up systems strictiy for time-shifting of electrical 
production. For economic reasons, however, a fossil-fired back-up system could be desirable because it 
enables a much higher plant capacity factor with a fairly small additional expenditure in capital 
investment 

A buffer thermal energy storage (TES) system, on the other hand, can have a much more significant 
impaa on the operation of a SEGS plant in Hawaii. Insolation changes due to intermittent weather 
conditions will - without a buffirr TES system - directly affea the pattern and efficiency of electrical 
output Put another way. the cfBciency of electrical production will degrade with intermittent insolation, 
largely because the tiufoine-gencrator will fi?equentiy operate at partial load and in a transient mode. If 
regiUar and substantial cloudiness occurs over a shon period, tuibine steam conditions and/or flow can 
degrade enough to force tuibine trips if there is no supplementary thennal source to "ride through" the 
disturbance. 

In addition, other operational requirements of the solar plant could be supplied by the supplemental^ 
system. For example, some turbine systems need steam blanketing during n i g ^ shutdown periods, which 
is a technique for controlling potential corrosion by preventing exposure of hot metal surfaces to oxygen. 
More importantiy, morning stan-up of a SEGS-type plant requires thermal energy to replace the heat 
losses that have occuned during the night, specifically to heat the solar field and power block systems to 
bring them back up to operating temperatures. 
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Typical Summer Day Output Profiles 
Oahu 
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Typical Monthly Output Profiles 
Oahu 

Fig. HI-IO. Typical Profiles of Electrical Demand and Solar Output 

A key issue in the selection or design of a thermal energy storage system is its thermal capacity - the 
amount of energy that it can store and provide. Experience suggests that buffer storage would be typically 
be chosen with capaci^ to provide full load for periods ranging fiom I to 3 hours. Definitive selection of 
storage capacity is site- and system-dependent; detailed statistical analysis of weather patterns at a ^ e n 
site along with a comprehensive economic tradeoff analysis would be required to selea the storage 
capacity for a specific application. 

Battery storage systems are more akin to a fossil-fired backup in that their main benefit is to shift 
electricity delivery to a later time of use. Batteries would have no ability to smooth the operation of tiie 
power cycle during intermittent cloutfy weather, though they could partially serve to smooth the electrical 
output of the plant during such conditions. 
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Thermal Energy Storage Options 

Thermal storage can utilize sensible heat or latent heat mechanisms. Sensible heat is the means of storing 
energy by increasing the temperature of a soUd or liquid; latent heat, on the other hand, is the means of 
storing energy via the heat of transition from a solid to liquid state, e.g., molten salt has more energy per 
unit mass than solid salt. 

Sensible Heat Storage 

Table III-8 shows the charaaeristics of candidate solid and liquid sensible heat storage materials for a 
SEGS plantFor each material, tiie low and high temperature limits are given which, combined with the 
average mass density and heat capacity, lead to a volume-specific heat capacity in kWh^ per cubic meter. 
The table also presents the approximate costs of the storage media in dollars per kilogram, finally arriving 
at unit costs in S/kWh .̂ 

Table ni-8. Candidate Storage Media for SEGS Plants (Ref. 01-2) 

Storage Medium 
Tcfflperamre 

Cold Hot 
•C •€ 

Average 
density 

k«/m* 

Average 
beat 

condnc-
tMty 

W/m*C 

Average 
heat 

capacity 

U/kK*>C 

Volume 
ipeciflc 

beat 
capacity 
kWhf/m* 

Media 
costs per 

kg 

Media 
costs per 

kWh^ 

$/kWh. 
Solid media 

Sflnd-rock-oit 

Reinforced concrete 

NaCl (solid) 

Cast iron 

Cast steel 

Silica fire bricks 

Magnesia fire bricks 

200 

200 

200 

200 

200 

200 

200 

300 

400 

500 

400 

700 

700 

1,200 

1,700 

2,200 

2.160 

7.200 

7.800 

1,820 

3,000 

1 

1.5 

7 

37 

40 

1.5 

5 

1.30 

0.85 

0,85 

0.S6 

0.60 

1.00 

1.15 

60 

100 

150 

160 

450 

150 

600 

O.IS 

0.05 

0.15 

1.00 

5.00 

1.00 

2.00 

14 

1 

1.5 

32 

60 

7 

6 

Liquid media 

Mineral oil 

Synthetic oil 

Silicone oil 

Nitrite salts 

KitiBte salts 

Caibocate salts 

Liquid sodium 

200 

250 

300 

250 

265 

450 

270 

300 

350 

400 

450 

565 

850 

530 

770 

900 

900 

1.825 

1,870 

2,100 

850 

0.12 

O.il 

O.IO 

0.57 

0.52 

2 

71 

2.6 

2.3 

2.1 

1.5 

1.6 

1.8 

1.3 

55 

57 

52 

152 

250 

430 

80 

0.30 

3.00 

5.00 

1.00 

0.70 

2.40 

2.00 

4.2 

43 

SO 

12 

5.2 

ll 

21 

Phase change media 

NaN03 

KNO3 

KOH 

Salt-ceramics 
(Na2Co3-BaC03/MgO) 

NaCl 

Na2C03 

K2CO3 

308 

333 

380 

500-850 

802 

854 

897 
• 

2.257 

2.110 

2,044 

2,600 

2,160 

2,533 

2,290 

0.5 

0.5 

0.5 

5 

5 

2 

2 

200 

267 

ISO 

420 

520 

276 

236 

125 

156 

85 

300 

280 

194 

150 

0.20 

0.30 

1.00 

2.00 

0.15 

0.20 

0.60 

3.6 

4.1 

24 

17 

1.2 

2.6 

9.1 
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For each material, the low and high temperature limits are given which, combined with the average mass 
density and heat capacity, lead to a volume-specific heat capacity in kWĥ  per cubic meter. The table also 
presents the approximate costs of the storage media in dollars per kilogram, finally arriving at unit costs 
in $/kWht. 

The average thermal (heat) conductivity given in the table has a strong influence on the heat transfer 
design and heat transfer surface requirements of the storage system, particularly for solid media (high 
conductivities are preferable). High volumetric heat capacity is desirable because it leads to lower storage 
system size, reducing external piping and structural costs. Low urut cost leads, obviously, to lower overall 
costs for a given thermal capacity. 

Solid Media: 

The cold-to-hot temperature limits in Table m-S are greater, in some cases, than could be utilized in a 
SEGS plant because parabolic trough solar fields are limited to maximum outiet temperatures of about 
400''C. Imposing this limit on the storage medium temperature range, tiie unit heat capacities and media 
costs become: 

Storage Medium 

Sand-rock-oil 
Reinforced concrete 
NaCl (soUd) 
Chi ron 

Cast steel 
SiUca fire bricks 

Magnesia fire bricks 

Heat Capacity 
kWht/ni> 

60 
100 
100 
160 

ISO 
60 

120 

Media Cost 
S/kWht 

14 
1 
2 

32 

150 
18 

30 

I 
H 

I- ; 
i 

Using these values and judging the options against the guidelines discussed above, the sand-rock-oil 
combination is eliminated because it is limited to 300°C. Reinforced concrete and salt have low cost and 
acceptable heat capacity but very low thermal conductivities. Silica and magnesia fire bricks, usually 
identified with high temperature thermal storage, offer no advantages over concrete and salt at these lower 
temperatures. Cast steel is too expensive, but cast iron offers a very high heat capacity and thermal 
conductivity at moderate cost 

Liquid Media: 

The heat transfer fluid in a SEGS plant operates between tiic temperatures of 300*'C and 400*'C, 
approximately. Applying these limitations on temperature, and dropping mineral oil because it cannot 
operate at the upper temperature requirement, we find: 

Storage Medium 

Synthetic oil 

Silicone oil 
Nitrite salts 
Nitrate salts 

Carbonate salts 
Liquid sodium 

Heat Capacity 
kWhf/m* 

57 

52 
76 
83 
108 
31 

Media Cost 
S/kWbt 

43 

80 
24 
16 
44 
55 
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Both the oils and salts are feasible, though the salts generally have a higher melting point and parasitic 
heating is required to keep them liquid at night during low insolation periods, or during plant shutdowns. 
Silicone oil is quite expensive, though it does have environmental benefits in that the synthetic oils may be 
classified as hazardous materials. Nitrites in salts present potential conosion problems, though these are 
probably acceptable at the temperatures required here (The U.S. Solar Two projea has seleaed a eutectic 
of nitrate salts because of the conosivity of nitrite salts at central receiver system temperanire levels.) i : ^ 

Latent Heat Storage 

Because the latent heat of fiision between the liquid and solid states of materials are high, storage systems 
utilizing phase change materials have the possibility of reduced size compared to single phase sensible 
heating. However, heat transfer design and media selection are more difBcult and experience with low 
temperature salts has shown that the performance of the materials can degrade after a moderate number of 
freeze-melt cycles. Extensive work has not been done on systems in the temperature range of interest to 
SEGS plants. Nevertheless, Luz International Ltd proposed evaluation of a phase-change salt concq>t to 
the soUr community which used a series of salts in a "cascade" design (to be discussed later in this 
section). 

Table in-8 shows, for a number of potential salts, the temperature at which tiie phase change takes place 
as well as the heat capacity (heat of fiision). Data for the salts shown in the table that are applicable to 
SEGS plants are: 

Storage Medinm 

NaN03 
KNO3 
KOH 

Heat Capacity 
kWh,/m' 

125 
156 
S5 

Media Cost 
S/kWhf 

4 
4 

24 

It can be seen that the heat capacities, at least for the nitrites, are high and unit costs are comparatively 
low. 

Phase change salt systems suitable for this application have been postulated but not tested. Many 
questions remain with respect to heat transfer characteristics during charging and dischargtog cycles, 
media lifetime as a function of the number of charge/discharge cycles, and the detailed design of a TES 
system. 

Existing TES Systems in Solar Thermal Plants 

Of seven installed thermal energy storage systetns in solar thennal electric plants, six have been of an 
experimental or protofype nature and one has been a commercial unit. Table III-9 gives the 
characteristics of the existing uiuts. All have been sensible heat storage, with two single tank oil 
thennocline systems, three single medium two-tank system - one with oil and two with salt — and two 
dual medium single tank systems. To put the size of these systems in perspective, a 30 MW^ plant in 
Ouarzazate with a plant efficiency of 35% would require about 170 MW^ for a 2-hour stora^ capability. 
This is comparable to the two-tank storage installed at SEGS I (the commercial unit) and Uie oil-sand­
stone system installed at the Solar One prototype central receiver &cility. 

All of these systems were successfiil to vaiying degrees, recogniring that most were development units 
which were expected to reveal design flaws or issues as a basis for future design improvements. Two 
important charaaerizations of storage systems are the "roundtrip efficiency" and the cost per unit of 
thermal energy delivery (S/kW}). The roundtrip efficiency is. simply, the ratio of the useful energy 
recovered from the storage system to the amount of energy initially extracted from the heat source. This 
efficiency is affeaed by the laws of thermodynamics and by heat losses in the tanks, piping and heat 
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exchangers in the system; electric parasitic losses needed to circulate storage system fluids constitute 
additional losses. 

Efficiency and cost experience from existing systems arc informative but of limited relevancy to 
commercial plants since most of the existing facilities were one-of-a-kind development projects. 
Nevertheless, roundtrip efficiencies of over 90% were measured in many of the systems listed in Table ni-
9, though some systems were as low as 70%. Unit costs (extrapolated to 1992$ at 5% inflation) appear to 
have been in the range of $40-70/kW .̂ Both the oil systems and molten salt systems were shown to be 
technically feasible. While various problems arose due to mistakes in design, constmction or operation, 
no fimdainental issues surfaced for these approaches. 

The SEGS 1 storage system cost $37/kWt (J25/kWt in 1984$), witii tiie oil representing 42% of tiie 
investment cost. Since this system has a capacity of 120 MWĥ  and a plant electrical output of 15 MW ,̂ 
tiie SEGS I system cost about $300/kWe in 1992$. The SEGS I oil. an aliphatic hydrocarbon, is limited to 
operation at about 305''C. The oil used in the later SEGS plants for operation up to 400°C costs 
approximately 8 times more than the SEGS I oil. Extrapolating tiie SEGS I cost to a similar system for 
higher temperature operation witii the more expensive oil but scaled equipment costs, we get a total 
estimate of close to $I50/kW{. or $1200/kWQ installed. This is reason enough that a storage system 
similar to tiie SEGS I storage concept was not repeated in later SEGS plants, though tiiere were other 
important considerations such as total system investment very large tank size requirements, and 
inflexibility compared to a back-up system. 

Table in-9. Existing TES Systems in the 200-4S0<>C Temperature Range (Ref. IH-3) 

ProlKt 

I r r^ i t io f l punp 

Coolldge, AZ. 

I E A - S S P S Altmria. 

SP 

SEGSI 

DMigettCA 

IEA-SSPS Almir la, 

SP 

Solar One B i n l o w , 

CA 

CESA-1 Almeria, SP 

THEHIS 

T i r g i f a n n t , FR 

Typ« 

Central 
Recetuw 

Parabolic 

trough 

Parabolic 

trough 

Pamtxilir: 

trough 

Central 

Receiver 

Central 

Receiver 

Central 
Receiver 

Storage 
Medium 

Oil 

Ol 

OH 

Oil 

Castlror 

OtVSandr 

Rock 

Salt 

litiuirl 

Salt 

Cooling 

Loop 

ai 

Oil 

Oil 

Oil 

Steam 

Steam 

Uriivl 
Salt 

Nominal Timpcrature 
cold hot 
•C "C 

200 

225 

240 

225 

224 

220 

250 

22S 

295 

307 

295 

304 

340 

450 

Storaga 
Concept 

ITank 

Thermocfine 

ITank 

Thennocline 

Cold-Tank 

Hot-Tank 

1 Dual Medium 

Tank 

1 Dual Medium 

Tank 

CoW-Tank 

Hoi-Tank 

Cdd-Tank 

Hoi-Tank 

Tank 
Volume 

114 

200 

4160 

4540 

100 

3460 

200 
200 

310 

310 

Tharmal 
Capadty 

l lw^ 
3 

5 

120 

4 

162 

12 

40 

Design Concepts for Hawaii Ptants 

Two important evaluations (Refs. in-2.3) of thermal energy storage for large scale SEGS plants have been 
carried out and are relevant to plants in Hawaii. Out of these have come several systems with differing 
degrees of maturity and potential. Summaiy descriptions of six thermal storage concepts follow. 

Design Conditions 

The systems described here are designed to supply 200 MWht for an 80 MWe SEGS plant of tiie most 
recent design configuration and conditions. Table ni-lO gives the relevant conditions for the reference 
solar plant and storage system. Figure m-l 1 gives a schematic diagram of a SEGS plant configuration 
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with storage. The relatively low temperature differences in a SEGS plant between solar field outiet 
temperature and solar field inlet (same as preheater outiet) drive up the size of a thermal storage system 
compared to a solar system witii higher outiet temperatures available 

Table m-10. Nominal SEGS TES System Design Parameters for 80 MW Plant 

Nominal Solar Field Values 

Inlet temperature, °C 
Outiet temperature. "C 
Inlet pressure. Pa 
Outirt pressure. Pa 
Flow at fiiU load, kg/s 
Full load operation, MW, 

Thennal Storage System 

Storage discharge capacity, MWh^ 
H i t inlet temperature (charge), °C 
Maximum H i t outia temperature (charge), "C 
Mimmum HI b outiet temperatiire (discharge), "C 
H i t inlet temperature (discharge). °C 
Maximum storage pressure drop (@833 kg/s). Pa 
Minimum oil pressure. Pa 
Maximum H11 flow, kg/s 

Nominal Power Block Conditjons 

Turbine inla temperature, "C 
Turbine inlet pressure. Pa 
Tuibine inlet steam flow, kg/s 
Net power plant output, MW 

290 
390 

25.5 X 10^ 
14.8 xl05 

1008 
240 

200 
390 
315 
350 
265 

15.9 xlO^ 
10.3 X 10^ 

833 

371 
100 X 10^ 

101 
80 

UUnStMi i 

Kahetf Stum 

.sSSfiS-

Solar 
Raheatar 

IQMW 
•• to 

O l U id 
Eipanslon 

Vesiel 

BuptitMatar 

EH 
Soltrfttawn 

Sotar 
PnhMter 

•Stem 
Feedwiter 

• Hot KIT 
•C»(dH7F 

nw 

•snr 

HTF 
Punp 

TES 

t f 
HTF 

•o? 

Fuel-

Sotar 
Field 

HTF 
Pump 

Fig. m - l 1. Schematic Diagram of a SEGS Plant with TES 

Kearney & Associates SEGS Assessment — State of Hawaii 



M'&SilS^ Page m-29 

Storage systems inherentiy introduce temperature degradations due to the nature of thermodynamic laws. 
Consider a solid storage medium (e.g., concrete, cast iron, or solid salts) which is charged or discharged 
by HTF flowing through a network of pipes or tubes imbedded in the storage material. If the charging 
HTF is 390°F, the storage medium might be heated to 380°F maximum, for example, because some 
temperature difference is thermodynamically necessary for heat transfer. Since the HTF will cool as it 
releases its energy while passing through the storage medium, there will be a temperature gradient along 
the storage medium itself. This is acceptable because, during discharge of the storage medium, the HTF 
to be heated will be circulated in a reverse flow (counterflow) and wiU pass out of the storage medium at 
the highest temperature region. However, a temperature difference for heat transfer is also required in 
this process, and the maximum HTF temperature out of the storage system during discharge of the storage 
energy might be, for example, 370*'F. These design temperature differences for heat transfer can be 
reduced at the expense of adding more heat transfer surface allowing, in this example, discharge outiet 
temperatures closer to 375°F or higher. This tradeoff between heat transfer surface area and system 
performance is one of the typical economic design optimizations in the design of a thermal storage system. 
(Design considerations in two-lank liquid storage systems and phase change salt systems do not have all 
of the same heat transfer characteristics of solid media storage systems, but some of the same 
considerations are present) 

m 

As energy is extracted fiom storage in the discharge mode, the entire temperature level will decrease and 
the HTF outiet temperature from storage will slowly decrease. Because there is a minimum steam 
condition allowable at the tuibine inlet, a limitation is set on the mimmum HTF storage outiet 
temperature which, in this design case, is 350°F. 

One of the major potential advantages of phase change materials is that temperatures within the storage 
media do not suffer these large sensible heat temperature drops. For a SEGS plant using an HTF medium 
through the solar field, however, the solar side of the storage system will still be controlled by sensible 
heating characteristics. 

Candidate TES Systems 

Table m-11 shows the storage systems initially considered in the assessment described in Ref in-3 Of 
these only a few survived Uie initial screening for cost and peifoimance. The final systems were: 

Dual medium seoaible heat systems: Two single tank alternatives were analyzed, one in which HTF oil 
flows through a storage mediiun of concrete and anotiier in which the storage medium is solid salt. Cast 
iron and cast steel were eliminated as storage media due to high cost, even though they offered 
thermodynamic advantages. 

Sensible heat molten salt system: A two-tank system (similar to SEGS I) utilizing the HTTEC salt was 
chosen. HFTEC is a eutectic mixture of 40% NaN02, 7% NaN03 and 53% KNO3 witii a 142"C melt-
freeze point. 

Phase<hange systems: These higher risk systems were judged to have high uncertainty in technical 
feasibility and cost, but were evaluated for their potential in this application. It is our conclusion that 
rather optimistic assumptions on performance and cost were used in the evaluation, and considerable 
development is required to prove these concepts. Three different phasfr<hange concepts were evaluated. 
The first was a Luz design using five phase-change materials (PCMs) in a series, or cascade, design; the 
second was a design by the Spanish company INTTEC which also used 5 P O I s but in a different heat 
exchanger configuration; the third design originated with the German companies Siempelkamp and 
Gertec (SGR) and used 3 commercially available PCMs along with concrete for the higher temperatures. 
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Table m - l l . Candidate Storage Concepts for SEGS Plants (Ref. in-3) 

TES Concepts 
Sensible Active 

Sensible DMS 

PCM 
Chemical 

Storage Type 
Two Tank Oil 
HiTEC 

ThermocUne 

Oil/Cjtst Iron 

Oil/Steel 
Oil/Concrete 
Oil/Solid Salt 
Oil/PC Salts 
Oil/Metal Hybrids 

Status* 
T 
T 

T 

T 

LR 
MR 
MR 
HR 
HR 

Assessment 
Basic concept, state-of-tiie-art 
2 variants analysed based on existing 
PSA/THEMIS designs 
Proved on pilot scale, no advantages over basic 
two tank system 
Proved on pilot scale, no advantages over basic 
two tank system 
Used in chipboard presses 
Several variants analyzed 
Several variants analyzed 
Several cascade arangements analyzed 
Early state of development, no lead concepts, no 
cost data 

• Nomenclature: T- Tested; LR- Low Risk; MR- Medium Risk; HR- High Risk 

Results 

Storage system designs for the SEGS conditions based on these five concepts were developed in Ref in-3. 
Summaiy results are presented here giving overall system volume, thennal storage capacity and 
utilization, and specific costs in S/kWh^ of capaci^. 

The utilization measure is an interesting aspect of storage systems. Earlier discussion described some of 
the aspects of temperature differences within the HTF fluid and between the HTF and a solid storage 
medium. Another aspect of storage design is the temperature difference within the medium itself In a 
two-tank liquid system, for example, the entire fluid is heated to a charged temperature and hence tiie 
entire storage medium is utilized. PCM systems theoretically also have veiy high utilization factors. In a 
solid system, however, temperature gradients required for thermal conduction through the media itself 
prevem fiiU utilization of the material. In this case, 100% utilization would be achieved if the entire solid 
medium were heated to the full charging temperature. Hence, the "potential" storage capacity might be 2 
or 3 times higher than the practical storage capaci^. £>etailed heat transfer calculations on specific 
designs provide this type of information. 

Figures III-12 through in-14 give results on the total volume, storage capacity and utilization, and specific 
cost of the six candidate systems analyzed for SEGS plants. For comparison purposes, we will select the 
Initec PCM design as representative of the PCM class, witii the qualifier thai there is much more 
uncertainty and techiucal risk in the PCM results than in the sensible heat oil-solid systems or in the 
sensible heat Hitec molten salt system. 

With regard to volume, the concrete and salt concepts are about 6.900 and 5,200 m* in overall size, 
respectively, whereas the molten salt and PCM system are 2,600 m*. If the cross-sectional area 
perpendicular U> the flow measured 13m by 13m. the length of tiie concrete system would be 41ffl 
compared to a 15m length for the PCM systeirL A major reason for the larger sizes of the concrete and 
solid salt systems is the poor volume utiUzation — the concrete system, for example, is utilized at 36% of 
its full potential capacity. The molten salt and PCM systems, on the other hand, have utilization &ctors 
up to 100%. The concrete system docs, however, have cost advantages due to the very low cost of 
concrete, which results in a low system cost even though there is more stmcture required for this larger 
volume system. 
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Volumes of Storage Systems 

•Ml 
o 

X 

i r t Ln 
O 

Z 

m Storage Material 

• Tube-t-HE Material 

@OII 

Storage System 

Figure m - l l . Projected Stora^ Volumes for Reference SEGS Plant 

Uti l ization of Storage Systems 

S Surplus Capacity 

B Used Capacity 

Storage Systems 

Figure m-13. Storage Utilization for Reference SEGS Plant 
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Specific Costs of Storage Systems 

• Installation 

I Storage Material 

m Tube + HE Material 

• oil 

Storage Systoms 

^ • ^ 

Figure 01-14. Storage CosU for Reference SEGS Plant 

Generally, the storage costs developed in this assessment vary from S25-5Q/kWht (on the order of $65-
130/k Wh^. At tiie low end. a TES unit of 200 MWĥ  capacity would have a capital cost of $5M. or about 
$63/kWg capital cost installed. 

Value of Thermal Storage 

Now let us look in preliminary fashion at the potential value of buffer thermal storage in this 80 MWe 
reference plant. Assuming that the value of the storage system is to reduce turbine shutdowns as well as 
the frequency of low pari-low operation, we know that the overall efficiency of the solar electric power 
plant will be improved but the magnitude of the improvement is unknown. A much more sophisticated 
plant performance model than presentiy exists would be needed to quantify the gain in peiformance. 
Present experience with the SEGS plants and design knowledge of the plam configuration suggests that 
performance gains from 5-10% would be possible, and 20% might be achieved. 

Given the value of the electricity, we can then calculate a savings due to the gain in performance resulting 
from use of the storage system. Table in-12 shows the savings using reasonable ranges for these Actors. 

For a 10% performance gain at an electricity rate of 10 ceots/kWh, the annual savings would be 
$1,800,000. At an cost of storage of $7,500,000. the simple payback for the system would be just over 4 
years. For the full range of cost and value parameters postulated here, simple paybacks would range from 
a low of just over 1 year to a high of 16.7 years. 

Discussion 

A symposium workshop (Ref III-4) on TES systems for SEGS plants, held in 1989, discussed several of 
the options presented above. While the workshop focused on phase-change material concepts, both 
sensible heat storage and chemical storage were also included in the agenda. The more detailed 
evaluations reported in Ref ni-3 were completed subsequent to the workshop. However, we are unaware 
of any other relevant and significant work on this topic being carried out since then, and consequentiy the 
conclusions of the workshop remain current and valuable. 
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Table HI-U. Estimated Value of Buffer Storage 

Estimated Savings, SK ^ 
Elcctiicity Value ^ 

10 
15 

20 

Performance Gain witii TES ,̂ % 
5 

600 
900 

1200 

10 

1200 
1800 

2400 

20 

2400 
3600 
4800 

Notes: a) Based on plant perfomiance without TES of 120,000 MWh/yr 
b) Value of etecuidty in cents/kWh^ 
c) Parametric range of potential improvement 

With respect to sensible heat storage, the workshop concluded that this approach could result in a cost-
effective system. While no new research would be required, thorough and careful engineering 
development and small-scale testing would be necessary. Issues such as thermal expansion, potential 
leakage, heat transfer configuration and heat exchange optimization require more detailed design within 
the context of a design concept 

Latent heat (or phase-change) storage was considered to be in a more primitive state of development. 
While promising, considerable research, system development and proof-of-concept testing would be 
required. Concerns on heat transfer characteristics and heat exchange configuration were expressed. Of 
several possible configurations, it was concluded that both shell-and-bibe heat exchangers and a system of 
encapsulated particles of phase-change salts were worthy of exploration, with the latter approach having 
both more potential for cost-effectiveness and a lower probability of success. 

Other Storage Options 

Battery Storage 

Storage of electricity in utility-scale battery systems would be in wider use today were the technology 
commercially available and economic (Ref. in-5). Lead-acid batteries arc the most developed but suffer 
from low energy and power density, high capital costs on the order of $150-250/kWh^ and retum trip 
DC/DC energy efficiencies in the 75-85% range. Lead-acid batteries have been tested in proto^ix 
projects up to a capacity of 40 MWh al discharge rates of 10 MW. Other issues under evaluation are 
lifetime (number of cycles), environmental impact, and maintenance requirements. 

Other battery types have been proposed for utility-scale application, but need development and extensive 
testing. Candidate technologies include the zinc-bromide battery, sodium-sulfiir battery, metal-fuel/metal-
air systems. Each presents certain advantages and disadvantages, and none is close to commercial 
deployment 

Hence, this technology does not offer a viable option for storage for a solar thennal electric plant in the 
near-term. 

Chenucal Storage 

Chenucal storage systems have been proposed for energy storage at high density and efficiency. These 
systems potentially offer particular advantages at elevated temperamres and for longer-term storage 
compared to sensible and latent-heat storage (Ref 111-2,4). At this point in time, however, chemical 
storage is not a viable option as no operating systems or prototypes exist, and it is premature to expect 
valid projections on cost and efficiency. 
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Chenucal storage systems generally require completely reversible chemical reactions at an equilibrium 
temperature which matches tiie charge/discharge temperature of the application. Reactions could be gas-
gas, solid-gas or liquid-gas. Solid-gas systems have the advantages of high energy density and case of 
component separation. Metal hydrides, particularly magnesium hydrides, have been exanuned for point-
focus solar technologies. 

The decomposition of metal hydroxides (mainly magnesium and calcium hydroxide) have also been 
proposed. A recent study at BateUe's Pacific Northwest Laboratory made preliminaiy estimates on the 
efficiency and cost of a metal hydroxide system for a SEGS application (Ref III-6). The PNL system is 
based on the reversible reaction, CaO + H2O = C;a(0H)2. During the charging process, thermal energy 
drives an endothermic reaction creating calcium oxide and water from calcium hydroxide. The reverse 
occurs on discharge when calcium oxide and water combine in an exothermic reaction to produce calcium 
hydroxide and release thennal energy. The study concluded that such a storage system could be 
technically and economically feasible at initial cost estimates of about S45/kWbf. There were a number of 
technical and economic questions iefi unresolved in the evaluation, however, and projected costs should be 
considered to be very preliminaiy. 

Back-up Options 

Fossil Fuel Boilers/HTF Heaters 

The currem SEGS plants after SEGS I use gas-fired equipment to supplement solar energy in periods of 
low insolation. SEGS n-VQ incorporate conventional gas-fired boilers which supply steam to augment 
solar-generated steam. In the later plants, both the gas-fired and solar systems provided tuibine inlet 
steam at 1450 psi. Superheat temperatures were 700^^ for solar and 950^ for gas-firing; reheat steam 
temperature was 7 0 0 ^ for both resources. 

For operational reasons, the SEGS design evolved away from Ihe gas-fired boiler to a gas-fired heat 
transfer fiuid (HTF) heater placed in paraUel with the solar field. Hence, thennal energy is supplied to the 
HTF by either the solar field or the heater, or a combination of both. The efficiency of the gas-fired heater 
was 83% on a higher heating value basis; cost of the unit was about $165/kW. or approximately 10% of 
the total system direct costs. One of the advantages of the HTF heater is that it was configured as four 
units, each of which supplied 25% of fiiU load capacity. Hence, part-load operation was particularly 
efficient; for example, at 50% load two of tiie heater units would be operating at fiill-load efficiency and 
the other two would be shut down. 

In the SEGS plants, the purpose of the fossil back-up is primarily to provide peak load demand if solar 
energy is not available. As independent power producers, the SEGS plants have power purchase 
agreements which make electric!^ sales particulariy valuable during summer afternoons and evenings, 
and the bulk of the fossil back-up is used in those periods. About 30% of the annual output of a SEGS 
plant is derived fiom natural gas. a limit which \s imposed by rules of the Federal Energy Regulatoiy 
Commission. 

In Hawaii a back-up HTF heater could also be used with a SEGS plant, though peak demand supply would 
not be the goal. Rather, it is more likely that a back-up heater would be used to maintain the tuibine at a 
given output lervel during cloudy periods, reducing tuibine cycling and temporaiy tuibine shut-downs. 
System design optimization of this configuration could result in a back-up system with, say, 50% of full-
load capacity. 

Since the HTF heater fulfills a conventional function of generating steam or heating a process fiuid, other 
fuel options could be used with the appropriate modifications in btuners, fuel delivery and handling 
systems, and environmental controls. Costs of these systems would be dependent on the rating and 
anticipated capacity factor of the unit While costs for an oil-fired or coal-fired heater would be higher 

Kearney SL Associates SEGS Assessment — State of Hawaii 



A " § t e ^ | n Page in-35 

than a gas-fired unit, it is still expeaed that such a unit would be a small fi^ction of the total direct cost of 
the plant. 

Biomass-Fired Units 

Biomass fiiel for an auxiliaiy-fired boiler or HTF heater using bagasse is a possible option in Hawaii. 
Specific issues for any given project would be in the areas of the availability and reliability of the bagasse 
feedstock and tiie combustion technology. 

Eveiy sugar company in Hawaii today has a power sales agreement with a major utility (Ref Ul-T) to 
supply electricity fiom tiie combustion of bagasse. The terms of tiie agreements vaiy widely witii respect 
to the firmness of the obtigation to deliver energy and capaci^, and the specifics of the payments for 
electricity. Firm power commitments usually come with substantial penalties for failure to meet 
obUgations. The sugar industry in Hawaii is facing uncertainties on costs and profits, and the eventual 
outcome of these pressures carmot be predicted. It seems unlikely that bagasse can be targeted as an 
expected resource to supplement a solar thermal electric plant. 

If this resource were available, however, it is expected that bagasse-fired units could be available for this 
application with relatively straightforward modifications of existing technology. 

Higher heating value efficiencies of bagasse boilers average about 65%. with performance up to 70% 
possible with full heat recovery in the form of economizers, air preheaters and fiue-gas bagasse dryers 
(Ref m-S). Biomass is typically burned in conventional steam generation equipment equipped with 
specialized combustors to produce steam fiom 400 psig and 7 5 0 ^ for 25 MW^ units to 1250 psig and 
9 5 0 ^ for larger systems (Ref 111-9), which match SEGS requirements well. The low density and low 
heating value of biomass relative to coal require that the combustion area be somewhat oversized. Direct 
combustion technologies include stationary and traveling grate combustors, and atmospheric fiuidized-bed 
combustors (bubbling-bed or circulating bed). Compliance with emissions requirements on opacity and 
particulates continues to be a major chaUenge with biomass combustion technology. Capital costs for 
biomass steam generation units are expected to be about 25% higher than the gas-fired equipment 
currentiy used on SEGS plants, contributing a small addition to overall plant cost 

Summary Conclusions 

Solar system performance in a climate of intermittent radiation will suffer markedly from transient effects 
and possibly frequent nubine shutdowns, leading to the conclusion that buffer theimal storage could 
provide an important enhancement to overall periormance. Back-up systems would be much less efficient 
in this regard, and are of more benefit in providing electricity in peak periods when solar radiation is low. 
Typical electrical demand periods in Hawaii do not suggest that back-up systems are desirable. 

Several evaluation have been made of energy storage for SEGS plants. Of the possible energy storage 
options, sensible heat thermal storage using molten salt or a liquid-solid media are feasible from both 
technical and econonuc aspects, though uncertainties exist in each area. Rough calculations indicate that 
such storage systems could add $65-130/kWQ, possibly with attractive economics. 

OPERATION AND MAINTENANCE COSTS 

Operation and maintenance (O&M) costs include labor, spare parts, consumables and normal 
maintenance equipment requirements. For a SEGS plant, spare parts and consumables are needed for the 
solar field, power block, and other BOP equipment, including pumps, water treatment chemicals, 
electrical, instnimentation and control, and extensive mechanical equipment. 

The SEGS O&M cost estimate is based on a 22-25 person crew per 80-MW plant, as well as support from 
a central administrative and maintenance organizatioiL Experience at the SEGS ptants shows that O&M 
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costs are high, but are reducing as improved O&M practices are developed. A value of $8l/kW-yr for 
tiie fixed O&M, witii a negligible value for variable O&M costs, was taken for an 80 MW SEGS plant. 
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IV. S I T E EVALUATION AND S E L E C T I O N 

SCOPE AND PURPOSE OF SITE SELECTION EVALUATION 

As tiie populated islands of Hawaii are electrically isolated from one anotiier, it is cunentiy necessary to 
match electric generation to electric load on an island-by-island basis. Given that SEGS are inherentiy 
large, utility-scale systems, opportunities can be deemed realistic only where projects exceed 15 MW in 
size. The prospects of inter-island electric transmission add considerable flexibility to siting 
considerations and are considered in tiiis study as a possible, fiiture consideration. We assume that a solar 
thermal electric plant could take advantage of an inter-island electric grid should future comprehensive 
plarming lead to such a development. 

Section n considered electric utility requirements in Hawaii, concluding that the five larger islands are 
worthy of additional evaluation for potentially supporting SEGS development. The islands identified are 
Oahu. Hawaii. Kauai, Maui, and Molokai. Envisioned SEGS plant sizes are 80 MW on Oahu and 15-30 
MW on Kauai, Maui, and Hawaii. Assuming an intcr-island electric transmission cable were feasible. 
SEGS opportunities would be enhanced, particularly on the island of Molokai. With adequate 
transmission capability and a satisfactory handling of perceived social hurdles, an 80-200 MW SEGS 
project in western Molokai may prove well suited to exporting power to Oahu and/or Maui. It is noted 
that Lanai was eliminated as a potential SEGS site due to the island's small local electric load and the 
relative advantage exhibited by Molokai's proximity to the electric load centers on Oahu. 

This siting evaluation endeavors to identify locations throughout the Hawaiian Islands which appear best 
suited for the development of SEGS power plants. To this end, several general candidate areas h^ve been 
identified based principally upon general topography, direct insolation, and current land use. These 
candidate sites are then evaluated according to several critical siting issues. The bulk of the information 
contained in this report was gathered during site visits in September 1990 and January 1991. Some 
additional infonnation has been acquired and included. 

This section first discusses the pertinent siting criteria which determine the viability of a prospective 
SEGS site. After a description of the overall site evaluation methodology, each siting factor is discussed 
with respect to its general relevance to a hypothetical SEGS project and the specific evaluation criteria 
which are used to assign raw scores to each candidate site. The next subsection identifies the candidate 
SEGS sites considered in tius study. A synopsis discussion of salient siting criteria affecting potential 
SEGS development is presented for each candidate site. This material includes general comments about 
the site as well as scoring assignments and summary discussion for each primary siting factor. 

The results of the evaluation process are then presented in a site evaluation matrix. This matrix 
summarizes the raw scoring and weightings which were assigned to each siting factor for every candidate 
site. Each site is also categorized as to its relative potential for SEGS development, that is, the sites are 
classified as either preferred, acceptable, or not recommended. 

To conclude the section, comments are made on the scope of the likely permitting requirements for a 
SEGS plants in Hawaii. 

A listing of various reports, maps, data and other significant sources which were utilized in the siting 
assessment is presented in Appendix C. 
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METHODOLOGY AND DISCUSSION OF SITING ISSUES 

•Siring Factors for SEGS 

The feasibility of pursuing SEGS Eacilities in Hawaii is contingent upon the identification of sites well 
suited to the technology. Desirable physical characteristics of a fevorable SEGS site include high direct 
(beam) insolation, fiat topography, suitable water supply and waste water discharge availability, access to 
nearby electric transmission fecilities. and availability of auxiliary fuel supplies. Additionally, socio­
political issues such as existing land use and cost, potential environmental and cultural impacts, and local 
pubUc acceptance can strongly influence the feasibility of a SEGS project. Many of these characteristics 
are identical to those of conventional power plants, with the prominent exceptions of solar radiation 
levels, extensive land area needs, and the much reduced importance of air emissions, fuel delivery, and 
fiiel and waste handling. If a SEGS plant design incorporates thermal storage rather than auxiliary fuel 
back-up, concerns over fiiel related siting characteristics can be eliminated altogether. 

Based on the experience of developing and evaluating numerous sites for SEGS plants over the past 
decade, siting issues can be put in categories of relative concern. Table IV-l presents fifieen (15) siting 
factois, categorized into three distinct levels of importance, as guidelines in screening potential sites for 
SEGS-type development in Hawaii. These groupings are based on technical potential. Characterization 
of these factors on some other basis—for instance, political or environmental potential—would probably 
lead to a reclassification of the relative importance of some siting &ctors. 

This overall set of siting factors would be of general relevance for SEGS projects anywhere on the globe; 
however, the relative infiuence of individual siting factors may be rearranged. For example, land use and 
cost, which are not of great sigiuficance for remote desert sites on the mainland, are unquestionably 
primaiy issues oa the Hawaiian Islands. In a detailed comparative siting analysis focused on a small 
number of sites, economic values would be assigned to all of the siting Actors, where possible, and a 
quantitative trade-off study would be carried out In a broader, more preliminary assessment of this type, 
the evaluation of potential sites using these siting criteria lean more heavily on subjective judgment 
developed from the extensive SEGS experience supplemented, to the extent possible, by site visits and 
cost estimates specific to Hawaii. 

Few, if any. areas in Hawaii embody eveiy desirable characteristic for a solar thermal electric plant at a 
single site. Hence, the evaluation of siting criteria is an important yet sensitive step in the assessment of 
SEGS potential in Hawaii. 

Table IV-1. Siting Factors for SEGS Power Plants in Hawaii 

Primary 
Insolation 

Topography/Cjeology 
WaterAVastc water 

Land Use/Cost 
Electric Transmission 

Secondary 
Back-up/Storage 

Natural/Military Hazards 
Sur&ce Hydrology 

Air Quality 
Biology 

Corrosion 

Tertiary 
Accessibility 
Labor Pool 

Legal Issues 
Political Issues 

(Note: Groupings are based on authors' assessment of technical impact; different criteria or local input 
incorporating a diverse spectrum of interests may lead to reclassification of some siting factors.) 
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Site Evaluation Methodology 

As discussed earlier, the evaluation of utility requirements resulted in the selection of the islands of Oahu. 
Hawaii, Kauai. Maui, and Molokai for fiirther consideration as potential sites for SEGS power plants. In 
order to compare the relative merits of various sites on five different islands, the site evaluation 

Pt: methodology has been stmctured and prioritized such that each siting factor reflects its relative economic 
:''. impact on the cost and perfomiance of a hypothetical project. 

The initial step in the site selection procedure was a preliminary screening process which identified 
several general candidate areas on each of the five islands under consideration. The screening was 
principally based on solar radiation level, topography, and incompatible land use. The next step entailed 
evaluation of the candidate sites over the broad range of siting issues tisted in Table FV-l. For each site, 
relative scores were assigned to each siting &ctor. The scores ranged from 1 (worst) to 5 (best). A score 
of zero (0) indicates that the particular siting issue was regarded as a fatal fiaw. 

Appropriate weighting factors were developed based on the perceived importance of each siting factor 
with respect to economic impact. The relative impact of the three categories of siting criteria were 
aibitrarily assigned relative weightings of 75 for all primary factors. 15 for all secondaiy factors, and 10 
for all tertiaiy factors. The sum of all weighting factors is 100. The weighting factors for primary siting 
criteria were rooted in actual costs for mainland SEGS projects then adjusted, to the extent possible, to 
reflect Hawaiian conditions. Secondary and tertiaiy factor weightings resulted fiom our best judgment of 
their relative technial importance. Assigned weightings may differ if based on local opinion. 

The product of the weighting factor and siting factor raw score yielded a weighted score for each of the 
siting criteria. By summing the weighted siting factor scores, a cumulative relative score was obtained for 
each site. Since the final scores are strongly influenced by subjective judgments, their absolute values are 
less important than their use in showing the relative attractiveness of the sites. Hence, the results of the 
evaluation have been used to classify the sites into three general categories: prefened, acceptable, and not 
recommended. 

The siting criteria relevant to SEGS projects in Hawaii are discussed next Each factor is considered with 
respect to its relative sigiuficance to a hypotiietical SEGS plant Additional discussion details the 
evaluation criteria utilized to determine the raw scores (1-5) assigned to each candidate site. For primary, 
secondaiy, and tertiary siting factois, infonnation presented below in the discussions of evaluation criteria 
serve as the basis for the value assignments applied subsequently, and as the key to details and 
abbreviations contained in the site evaluation matrix. 

PRIMARY SITE EVALUATION CRITERIA (Total Weighting ^ 75) 

Insoladon 

General Discussion: Sunshine is the raw fuel for a ai^ solar electric device. The performance of a 
concentrating solar thermal electric power plant is directly tied to tiie available direa normal insolation, 
measured in kWh/m-̂ . For a solar performance goal of a stated level of annual electrical output, a location 
which embodies relatively less aimual direct insolation requires a propoitionately larger solar array field. 
On the other hand, the maximum short-term direct normal insolation flux (usually expressed in W/m^), 
while influenced by site elevation and local atmospheric tuibidity, is not expected to vaiy significantly 
throughout Hawaii. Accordingly, maximum electrical output per unit area of SEGS solar field (kW/m^) 
should be quite similar for any low elevation site in Hawau. Because site insolation level is the most 
important fkctor determining the solar field acreage required for a specific SEGS development, it has a 
major impact on both initial capital cost as well as operating revenues. 

Another important insolation issue which is expected to impact performance in Hawaii is the frequency of 
cloud transients. Cloud-free days in Hawaii are rare. Typical sky conditions for the majority of Hawaii 
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exhibit numerous small, broken clouds which block the sun's rays as they drift with the prevailing breezes. 
Thermal power plants must maintain certain minimum heat input conditions to warrant operation of their 
steam cycle. For SEGS plants, tiiis condition translates to a threshold direct insolation fiux of 
approximately 400 W/m^. In general, an increase in frequency of cloud transients results in a higher 
frequency of plant cycling, thereby reducing SEGS net performance. Section UI discussed the use of 
thermal energy storage and/or an auxiliary fiieled back-up system to deal with this situation. .'^ 

WeiehUng: 40 (out of a total for all factors of 100) 

Evaluation Criteria. The best long-term measured direct normal insolation data base in Hawaii is the ten-
year record fiom Holmes Hall at the University of Hawaii at Manoa. Raw scores for insolatioa are based 
on the estimated percentage higher (+) or lower (-) than the typical annual direct normal insolation data 
for the Manoa campus (5.0 kWh/m^/year). By cornparison, the existing SEGS facilities around Daggett, 
Califonua would compare as a +48% (7.4 kWh/m^^ear). For additional infonnation on insolation in 
Hawaii, refer to Appendix B of this report. 

Value 
5 
4 
3 
2 
1 

Insolation 
>=+l5% 

5% to 15% 
-5% to +5% 
-15% to-5% 

<=-l5% 

Geology/Topography 

General Discussion: Due to the difiiise nature of solar energy, solar power plants require a large land area 
to collect an appreciable amount of energy. The extensive solar collector fields of the Mojave Desert 
SEGS installations were graded into several adjacent level terraces. Numerous benefits accrue from 
construction on level terrain; these include uniformity of fabrication and assembly of parts, simplified 
construction techniques, and ease of maintenance. Site preparation costs associated with grading, digging 
pylon foundations, s l ^ designs, and road constmction are a fiinction of soil conditions (geology) and site 
surface characteristics (topography). These costs are affected by the effort and expense required to grade a 
particular soil type (i.e. loose sand versus lava) as well as the engineering requirements, dictated by soil 
conditions, for slabs, footings, and roads. 

WgiRhpng: 15 

Evaluation Criteria Scoring for topography is based on the typical percent grade in the siting area, using 
the lower value when ranges are provided. Geological infonnation provides a secondary influence on 
scoring. In the site evaluation matrix, geological information is included parenthetically. This 
information, if included, identifies the typic^ soil type (lava, clay, loam, sedm = sedimentary) and/or 
special terrain features making SEGS site prqiaration more difficult (stony, erod = eroded, mud flat, sogy 
= high water table). 

Vglue Geologv/ToDoeraohv 
5 < 0.5% grade (no gullies, sedimentary geology) 
4 0.5 to 2% grade 
3 2 to 3.5% grade or 0.5 to 3% grade Oava), mud flats 
2 3.5 to 5% grade or >=3% grade (eroded and stony) or >=3% grade (lava) 
1 5 tolO% grade 
0 >=10% grade 
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Waste Water Disposal/Water Supply 

General Discussion: Rankine cycle steam power plants, such as SEGS plants, require water for cooling, 
feed water makeup, and plant service needs. In addition, a SEGS plant uses water for periodic washing of 
the collector field mirrors. The single largest water requirement of typical SEGS installations is for 
cooling water used by wet cooling towers. In California. SEGS annual water requirements are 
approximately 10 acre-feet per MWe net (about 3.25 acre-feet/GWh net), with about 80% used for 
cooling, 15% of feedwater makeup, and 5% for minor washing. Dry cooling towers, which blow ambient 
air across dry heat exchanger surfaces, would eliminate the cooling water requirement of the plant, but at 
slightiy higher capital and operating costs and with some reduction in plant performance. Mirror washing 
requirements in Hawaii would be considerably less due to the more fiequent and abundant rainfall in 
Hawaii. Mojave desert SEGS plants experience only about 4 inches of rainfall per year, most of which 
comes in a few heavy storms during the winter months. 

Waste water disposal may be a more difficult requirement in Hawaii than securing an adequate water 
supply. With wet cooling towers, some of the water used to wet the tower heat exchanger surfaces will 
evaporate as pure water and be lost as drift. Typically, cooling water will continue to be re-used until the 
increasing concentration of impurities renders the water quality unsuitable. SEGS facilities in California ^ 
dispose of the plant waste water from the cooling tower and the power system by discharging to a lined 
evaporation pond, which is best suited to hot, low humidity desert conditions. Other waste water W, 
discharge methods include injection wells and treatment and release to a reservoir or ocean. 

The most likely waste water disposal method in Hawaii is by underground injection well. In areas where 
there is a danger of injected fluids contaminating good quality ground water resources, such wells are 
prohibited. The Hawaii Department of Health maintains maps for the entire state which delineate 
Underground Injection Control (UIC) Lines. These maps clearly designate the areas in which UIC wells 
are permitted and where they are prohibited. Due to sea water intrusion, all coastal areas permit UIC 
wells. Only limited infonnation was secured during tius study pertaining to the precise location of UIC 
lines in each siting area. Some potential sites are known to be in locations which permit injection wells 
(UIC). other sites are thought to permit UIC wells in the general vicinity, but off-site (oUIC). 

Coastal areas offer the opportunity for once through cooling, where large volumes of water, perhaps 125 
acre-feei/GWh net, are pumped through the plant condenser and returned directiy to the sea. These 
systems are desirable from a plant periormance standpoint, but are expensive and difficult to permit due to 
the thermal characteristics of the discharge. The Keahole Pt area offeis the unique opportunity to utilize 
deep ocean cooling water from the Natural Energy Laboratory of Hawaii (NELH), without the expense 
and permitting concerns of constmcting a dedicated ocean outfall. Areas designated as Ground Water 
Resource Zones (GWRZ) have restricted water resources which pose special concerns for both supply and 
discharge. Generally, any type of water well will be shallower, and therefore cheaper to construct, in 
coastal areas. 

Weighting: 4 

Evaluation Criteria: The scoring for tiiis factor is based principaUy on the metiiods available for waste 
water disposal at the site. When included, the parenthetic abbreviation pertains to water supply. 

Abbreviations 
UIC = Underground Injection Control wells permitted on sile 
oUIC = off-site injection wells permissible in general area near site; or, location of UIC 

line unknown 
re-use = potential to re-use effluent from other facilities 
NELH = deep ocean sea water for cooling from the Natural Energy Laboratory of Hawaii 
GWRZ = potential Ground Water Resouroe Zones: area witii restricted water resources. 
Dry = Dry cooling only due to lack of local water supply. 
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Value Waste Water Disposal/Water SUDDIV 
5 UIC permitted & plentifiil fresh water supply 
4 UIC permitted in area & brackish/sea water supply 
3 UIC possible in area & brackish/sea water supply 
2 UIC possible in area & questionable sui^ly of any quality 
1 UIC not allowed & questionable water supply of any quality j^i*, 

I 

Land Use/Land Costs 

General Discussion: An 80 MW SEGS plant in the Mojave desert requires approximately 400 acres of 
land (general mle-of-thumb: 5 acres/MWe). This land requirement in California is a significant and 
importam issue, though it is generally not critical due to the combination of relatively low land costs and 
reasonably high availability. The land requirement of a SEGS is a fiinction of available insolation levels. 
Due to the lower insolation prevailing in Hawaii, it is expected that the land need for Hawaiian sites will 
be at least 6 acres/MWe. 

Hence, 30 and 80 MWe plants in Hawaii would require approximately 180 and 480 acres, respectively. 
Industrial tracts of that size are not commonly available in the State. Furtheimore, suitable tracts which 
embody favorable SEGS siting characteristics are even rarer. The apparent shortage of suitable land 
tracts, coupled with prevailing high land values in Hawaii, elevates the importance of land use and land 
cost to the status of a primary siting factor. 

There are a very limited number of land owners possessing tracts potentially suitable for SEGS 
development in Ifawaii. These owners include various private, state govermnent, and federal government 
entities. Most tracts under consideration as SEGS sites are currentiy designated for use as agriculture or 
conservation. The willingness and interest of current property owners to make land available for solar 
themial electric development has not been investigated within Uie scope of this assessment. 

Weighting: 10 

Evaluation Criteria Scores are based on estimated land costs and expected land use. The prices assigned 
for sites reflect a high uncertainty at this time, and expected land use is based on our best judgment fiom 
limited information. Rough estimates of land costs are provided in $/acre (i.e. 40K = $40,000 /acre). la 
many areas, no tracts are expected to be for sale. In some cases, major land owners are noted according to 
the key below. A site contained wholly within a National Park is regarded as a fatal fiaw, and is assigned 
a value of zero. Due to the high land values in Hawaii, leasing land for a SEGS facility is considered a 
likely option. 

Purchase (S^ Kev for Land Ownership Abbreviations 
5 
4 
3 
2 
1 

<=10K 
lOK to 20K 
20K to 50K 
50K to lOOK 
>100K 

HH 
HI 
USN 
USA 
USNP 

Hawaiian Homelands 
State of Hawaii 
United States Navy 
United States Army 
US National Park (>= 0) 
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Electric Transmission 

General Discussion: Electric generating facilities are connected to tiie load via transmission lines. A new 
power plant requires a substation and connecting transmission lines to tap into the existing utility 
transmission network. In addition, a large capacity addition often has other far reaching impacts on the 
network, generally requiring down-line transmission line or system improvements. However, if added at 
the appropriate part of the network, additional capacity can improve the reliability and quality of the 
utility transmission system. In summaiy. electrical transmission inter-connection requirements are very 
specific to the MW size and location of a proposed project, and must be considered in the context of the 
existing transmission system. 

A few sites are in load growth areas and would be highly desirable locations for generation additions. 
This benefit may be included in higher capacity and energy valuation from the utility as well as 
minimizing required transmission line additions. Other areas will require substantial transmission line 
upgrades. It should be noted, however, that some of the siting regions considered in this assessment 
(especially on Hawaii) are quite large and do not permit good estimates of likely transmission needs or 
costs. The possibility of an inter-island electric transmission cable is considered for Molokai, which may 
be the best opportunity for a large scale (greater than 80 MW) SEGS project in Hawaii. 

Weighting: 6 

Evaluation Criteria: The relative rating of the desirability to the host utility of a site location for the 
addition of electric generating capacity is given as: Good, OK, or Poor. The assumed miles of electric 
transmission line required to inter-tie a proposed SEGS plant with the local electric transmission grid are 
given parentheticaUy in the matrix. Sites which require an undersea electric transmission cable are 
indicated by: cable. 

Value Electric Transmission 
5 Existing substation/adequate transmission on site 
4 Good area for capacity & <10 miles of transmission required 
3 OK area for capacity & <I0 nules of transmission required 
2 > 10 mi les of transmission required 
1 Inter-island cable; major transmission project required 

SECONDARY SITE EVALUA TION CRITERIA (Total Weighting - IS) 

Bads' Up/Storage 

General Discussion: To improve reliability. SEGS plants in California utilize natural gas as a back-up 
fiiel. Since the power block of a SEGS plant includes a conventional steam turbine, its configuration 
lends itself to a relatively inexpensive addition of a back-up system. Although there is no natural gas in 
Hawaii, there are numerous other alternatives including diesel. fiiel oil, syntiietic natural gas, and various 
biomass fuels. Another method of improving plant reliability is by adding thennal storage capacity to the 
plant For instance, if a SEGS plant could store up two hours of thennal energy, the plant would still be 
able to operate continuously through brief cloud or rain conditions. The issue of SEGS back-up systems, 
Including both back-up fiiel and storage scenarios, was treated in section III. 

Weighting: 3 

Evaluation Criteria: Thermal storage capacity is not a site-specific issue, but a back-up ftiel option has 
site-specific implications associated with transport distances and/or biomass and pipeline gas availability. 
Scoring for this siting factor is based on fiiel transportation and storage charges. Additional weight was 
given areas which may be served by pipeline. 
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Natural/Military Hazards 

General Discussion: The state of Hawaii is subject to a great variety of natural disasters. Among these 
are active volcanoes, earthquakes, tsunamis, hurricanes, floods, and high winds. In aU but tiie most severe 
cases, power plant components can be engineered to survive these conditions. However, over-designing 
plant systems for severe condition survivability would increase Uie capital cost of a SEGS project. Hence, 
the increased costs must be weighed against the relative risk imposed by each of these natural disasters. T̂ l 

Several tracts considered as SEGS sites are near or on miUtary reservations. The close proximity of a 
SEGS plant to military facilities increases the risks of plant damage due to acts of war. Peacetime and 
wartime military accidents also introduce the potential for negatively impacting a nearby SEGS projea. 
Risks posed by military mishaps and acts of war. no matter how remote the chances of occturence. may 
make use of militaiy reservation property for a civilian SEGS project extremely difRcult 

Weighting: 3 

Evaluation Criteria: The scoring for this factor considered the potential for natural hazards, including 
hurricanes, tsunamis, volcanic eruptions, and earthquakes, as well as perceived land use availabiUty in 
areas where hazards due to military accidents or acts of wars are expected. Value assignments for natural 
hazards are based on historical events. It should be noted that any site could be vulnerable to militaiy 
hazards and certain natural hazards even if there has been no history of such an event in that area. 

Value Natural/Military Hazards 
4 Non-coastal areas which are considered to be exposed to lower risks than average 
3 Typical site with no histoiy of hazard events 
2 Historical demonstrated hazard in part of the siting region or some exposure to military 

risks 
1 High militaiy hazard risk (blast zone) 

Surface Hydrology 

General Discussion: Surface hydrology pertains to the way in which the topography, geology, and 
vegetation of a particular site and its surniundings contribute to water runoff during rainfall events and 
fioods. Given the large area covered by a SEGS power plant, large storm water runoff handling systems 
which require extensive (fyking and drainage canals impact the capital cost of a SEGS project Plant 
components which are engineered to survive flooding conditions will also result in increased costs. 

Weiriitine: Surface hydrology is not considered in the evaluation matrix. 

Evaluation Criteria: This factor is not expliciUy considered in the evaluation matrix, as it would require 
analysis of a broad region surrounding a specific site. To some extent, certain aspects of this factor are 
reflected within the consideration of Topography/Geology. 

AirQuaUty 

General Discussion: Environmental regulations designed to insure local air quality standards impact the 
design, operation, and performance of all large power plants which utilize combustion processes. For a 
SEGS plant, air quality is an issue if a conventional fiieled or biomass back-up system is to be 
incorporated into the solar power plant design. The level of emissions depends entirely on the fiiel type 
and operating scenario for the supplementary thermal source. Additionally, there are lesser emissions 
considerations associated with the heat transfer fluid utilized in the solar Geld heat transport system 

The most significant air quality considerations pertain to regulated constituents of combustion such as 
oxides of nitrogen (NOx), oxides of sulfiir (SOx). volatile organic compounds (VCX:). and particulate 

Kearney SL Associates SEGS Assessment — State of Hawaii 



i^tTand Selection Page rV-9 

matter. In some cases, expensive pollution control equipment can be required to comply with 
environmental regulations. It is important to note that air quality is a very dynamic discipline, and fixture 
changes in air quality requirements which could potentially impact the operation of both existing and 
fiiture power plants should be considered when evaluating fiiture generating options. 

Weighting: 3 

Evaluation Criteria: Air quality standards are the same for all sites under consideration, although the 
permitting process may be somewhat more involved for certain sites. Different air basins have different 
ambient qualities, and some are more susceptible to exceeding allowable concentration limits than others. 
Site-specific air quality monitoring would likely be a prerequisite to approval of air permits in most areas. 
The rudimentary air quality scoring in this analysis is based on the generalization that ambient air quality 
will be worse in developed areas, especially if there are know point source emission facilities, and if the 
local topography inhibits dispersion. 

Value AirOualitv 
4 PredominanUy undeveloped areas & modestiy developed areas witii high winds 
3 Typical site 
2 Area with heavy industrial development (southeast Oahu) 

Corrosion 

General Discussion: As with any power plant, many of the materials utilized in a SEGS installation are 
subject to potential degradation in their natural environment. Among the principle degradation concerns 
is corrosion of metal parts throughout the power plant, which can vary significantiy in severity between 
different sites. Sites exhibiting windblown salts or caustic emissions from volcanoes are expected to be 
higher corrosion risks resulting in an accelerated replacement schedule (higher operating costs) for 
components subjea to degradation. 

Weighting: 3 

Evaluation Criteria: Quantifying this factor at all sites would be an extensive undertaking and is dealt 
with in a cursory fashion for this evaluation. In addition to consideration of wind-bome debris and salt 
corrosion along the coastiine, areas io the lee of Mauna Loa and Kilauea may risk conosion from acids 
vented from these active volcanoes. Relative corrosion hazards have been estimated by considering the 
proximity to the coast, wind environment, and elevation of each prospective SEGS site. 

Value Corrosion 
4 High altihide site (Saddle Road) 
3 Typical Hawaiian site 
2 Windy coastal areas or area immediately downwind from active volcano 

Biology 

General Discussion: Due to tiie targe tracts of land which are required for solar power plants, potential 
impacts torn SEGS constmction and operation can pose significant impacts on the namral environment. 
For this reason, an Enviromnental Impaa Statement (EIS) will generally be required to minimize the 
environmental impacts of the development, and, in the case of listed endangered plant and animal life. 
ensure that there wiU be no adverse impacts. The EIS is a time consuming process, expensive, and can 
potentially stop a project if unacceptable potential impacts are detennined. 

Weighting: 3 

Kearney & Associates SEGS Assessment — State of Hawaii 



^ * * ^ t W ^ u i t i o o and Selection Page lV-10 

Evaluation Criteria: Scoring is based on the assumption that developed areas are unlikely to contain 
sensitive flora or fauna. Sites with large undeveloped areas are more likely to host sensitive species. 
When protected species are known to be affeaed by a prospective SEGS site, mitigating procedures to 
assure that no adverse impacts occur will be required. Hawaii's listed endangered species are primarily 
concentrated in forest areas, none of which are thought to be directiy affeaed by any of the potential 
SEGS sites. Projects involving an undersea cable will require a thorough EIS due to the numerous \^i 
proteaed marine species in Hawaiian waters. '•'̂  ] 

Value Biology 
4 Highly developed areas with unlikelihood of undisturbed flora or fauna or barren lava 

field 
3 Typical Hawaiian site 
2 Sites known to have endangered species or sites requiring cable with potential marine 

impacts 
I Site on National Park land, EIS required, impacts judged closely 

TERTIARY SITE EVALUATION CRITERIA {Total Weighting = 10) 

Accessibility 

General Discussion: Construction of a SEGS plant entails the mobilization of hundreds of workers and 
tiie delivery of large amounts of materials and equipment If a site has restricted access, the higher 
delivery cost of each plant component will reflea in the total capital cost of tiie project 

Weighting: 2 

Evaluation Criteria: The simplified scoring utilized in this evaluation considers the distance of each site 
from the nearest seaport to infer relative land transportation costs. Practically all sites are easily 
accessible, requiring less than one hour of overland transportation from the nearest harbor. 

Value Accessibility 
4 Southeast Oahu sites near deep draft haibor 
3 Maui. Hawaii. Kauai, Molokai and north Oahu sites 

Labor Poot 

General Discussion: The peak manpower requirements for the construction schedule utilized to complete 
80-MW SEGS projects in C^ifomia in less than 12 months was about 1000 woikers. A smaller plant or 
longer constmction period would reduce this requirement If construction is in a remote site, the local 
labor pool will likely be insufficient to provide the necessary trades. If workers must be brought in and 
housed near a site, there must be consideration given to the social impacts of this size work force on the 
local community. 

Weighting: 2 

Evaluation Criteria: With the extensive resort development in Hawaii, skilled construction workers are 
plentifiil. However, during growth periods labor may be in high demand and less available. A large 
project on Molokai (total population 6,000), would be expected to require labor from other islands. The 
available labor pool is not perceived to be a major problem at any of the other sites, particularly not on 
Oahu. 
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Value Labor Pool 
4 Oahu sites 
3 Maui, Hawaii. Kauai sites 
2 Molokai sites 

Legal Issues and Political Issues 

Cjcneral Discussion: Although these categories can be critically important siting factors, they are also the 
most broad and variable. This category includes many sfate and local concerns with energy plarming, 
land use, and energy resource management. Strong utility and government support will, of course, ease 
the path for a projea of this nature. Examples of these issues include such items as applicability of solar 
tax credits for SEGS plants and the granting of land use permits. 

Weighting: 6 (Legal Issues = 3 and Political Issues = 3) 

Evaluation Criteria: Since these issues are potentially very important but defy definition and prediction at 
this stage, they aro considered to be of tertiaiy importance in the matrix. Unlike geological 
characteristics, these issues can and often do change rapidly. Scores for these factors are considered 
collectively based on general perceptions regarding public acceptance and political enthusiasm. 

Value Legal Issues and Political. Issue 
4 Site in which government enthusiasm was perceived (e.g., old airport site on Maui) 
3 Typical Hawaiian sites 
2 Military reservation sites or sites with perceived difficulty with public acceptance 
1 Use of National Park land, likely legal hurdles 
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Figure IV-1. Pictorial Location of Candidate SEGS Sites in Hawaii 
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DISCUSSION OF CANDIDATE SITES 

Selection of Candidate Sites 

As described earlier, the site selection methodology begins with an initial screening of all islands in 
b;- Hawaii and progresses with the assimilation of detailed information pertaining to a broad range of siting 
[:'•: criteria for each identified candidate site. This initial step incorporated direa insolation, topography, and 

existing land use as its screens. First, areas suspeaed of having relatively good direa insolation were 
identified, (jenerally, this focused attention to the southwestem side of islands and mountains, in the lee 
of Hawaii's northwesterly trade winds. Secondly. USGS topography maps were analyzed to determine the 
flatter areas within these suimy regions. Thirdly, land use and land ownership maps contained within the 
Atlas of Hawaii were consulted to determine if some of the previously Identified areas could be excluded. 
Uses such as urban development, park land, and military facilities were generally considered to be 
incompatible with use as a SEGS power plant. This method produced candidate SEGS sites on each of 
the islands. 

The general siting areas which passed the initial site screening process are identified geographically on 
the candidate site map. Figure IV-1. Examination of this map shows that areas under consideration are 
generally on the leeward side of mountains. A few areas are on windy island points which may be 
relatively clearer than their surroundings if cloud formation typically occurs downwind from their 
location. The Humuula Saddle on the Big Islaiul, at elevation 6,500 feet was selected based on the 
premise that it may be high enough to escape most of the cloud and other obscuring phenomena which 
occur in the atmosphere's trade wind inversion layer. Each of these sites is evaluated with regard to 
specific siting faaors according to the evaluation criteria outiined in the previous section, and the results 
integrated in a site evaluation matrix. 

Description of Candidate Sites 

Discussion of the candidate sites is organized by island. Material presented for each prospective site 
begins with a general description identifying the site's location in brief narrative form. The general 
description may also discuss exceptional charaaeristics which distinguish the site fiom others on the 
island. The next block of material evaluates the site with respea to the primary siting factors of direa 
insolation, topography/geology, water supply/waste water discharge, land use/cost, and electric 
transmission. For sites which exhibit noteworthy secondary or tertiary siting factors, additional material 
is appended to the site descriptions pertairung to tiiese faaors. Site-specific infonnation is judged against 
the evaluation criteria to determine a raw score for each siting faaor. The scoring assignments appear to 
the right immediately before the narrative discussion of each siting criterion. Scores range from I to 5, 
with 5 being the best and I being the worst A score of zero (0) indicates that the faaor is regarded as a 
fatal flaw. 
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OAHU SITES (assumes 80 MW SEGS sites) 

OAHU: 1) Pearl Harbor Blast Zone Area 

general The blast zone is a restriaed use buffer region extending 7,405 feet radially 
around the murutions magazines located on the West Loch of Pearl Harbor. 
Undeveloped tracts within the blast zone include approximately 1000 acres in 
sugar cane fields (zoned for agriculture) on tiie west side of West Loch 
(Honouliuli area) and about 1000 acres on the Waipio Peninsula to the 
northeast of West Loch. The principal appeal of locating a SEGS here is tiiat 
there are very few other sufBcientiy large tracts which may be economically 
available for this use on Oahu. Quite simply, an expansive SEGS solar field 
would appear to be a lower value use than most competing development 
projects in southwestem Oahu. Furthermore, the blast zone area is physically 
an excellent site. The blast zone has very limited potential uses since the Navy 
prohibits occupied civilian structures within this area. With few competing land 
uses for this tract, it is assumed that the Navy may be receptive to allowing a 
large solar field within the blast zone. Any occupied structures, such as the 
power plant control building, would have to be located outside the blast zone on 
adjacent property. It is noted that HECO is investigating the Waipio Peninsula 
as a prefened location for a fiiture baseload generating plant of up to 800 MW. 
Additionally, the Navy is imerested in developing the blast zone for limited 
base recreational facilities. Thus far, the US. Navy's position regarding the 
potential use of the blast zone for SEGS use has not been ascertained. Clearly, 
the potential risk of catastrophic damage to the sotar coUector field fiom a 
munitions explosion would have to be carefiilly evaluated. 

insolation-* Annual diiea insolation is estimated to be 5% higher tiian Manoa—probably as 
high as any site on Oahu. 

topo/geology-5 Entire area is nearly level—slope is on the order of 0.2%. Site elevation is 
predominantiy about 20 feet MSL. A thin layer (8-20 inches) of stony silty clay 
loam soils over coral limestone, with occasional coral outcrops, prevail over the 
entire site. Some areas have been converted to cultivation by covering with fUl 
material. 

water-4 Salt water and brackish water are readily available, 
permissible on site. 

Injection wells are 

land-1 Most of area is owned or controUed by the U.S. Navy. Adjacent land owners 
include the Camf^U Estate and small land owners in the Honouliuli area, and 
various federal entities, including the FCC. on the Waipio Peninsula. 
Cultivated land is currentiy leased to Oahu Sugar for about $3S0/acre/year. In 
addition to naval facilities, land uses in the immediate vicinity include the Ted 
Makalena Golf Course on the Waipio peninsula. 

transmission-i The site is relatively closer to the majority of HECO's load than the bulk of 
HECO's existing generation facilities. In the Honouliuli area, there are 46 kV 
transmission lines on the traa and several 46 kV substations within 3 miles of 
the site. On the Waipio peninsula, there are three 46 kV substations in 
Waipahu which are only about 1 mile away. 
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back-up-4 Fuel delivery via pipeline is probable since there are existing petroleum 
products and synthetic gas pipelines just north of the site. Overland fuel 
transportation, if required, should be relatively inexpensive. Tmcking charges 
would add only about 0.5% to the cost of detivered diesel. 

OAHU: 2) Sugar Fields Inland (Mauka) from Ewa 

general This region encompasses the sugar fields north of Ewa, particularly those north 
of Highway HI along Highway 750. C}oing in the direction away from the 
ocean (mauka), most physical characteristics deteriorate with regard to their 
potential as SEGS sites, but the land becomes cheaper and more likely to be 
available. Although Hawaii would like to insure that some farm lands endure 
in order to preserve the state's historical agricultural character, the fiiture status 
of the sugar industry io Hawaii is unknown. 

insolation-3 Annual direa insoladon is estimated to be 3% lower than Manoa for the bulk 
of the site. Direa normal is expeaed to deteriorate in the mauka direction due 
to orographic clouds associated with the Honouliuli Mountains. Near Ewa, 
direa normal is comparable or perhaps slightiy better than Manoa. 

topo/geology~3 North of Highway HI. slope ranges from 2-5% The sugar fields northwest of 
Ewa are more level (slope 1-2%) but less likely to be available for SEGS 
development. Site elevation ranges from 60 fea to perhaps 700 feet MSL. 
Principle soil types are silty clay and silty clay loams underlain by igneous rock 
and alluvial gravel. Near Ewa. sticky, plastic clay soils with high shrink-swell 
potential prevail. 

water-3 Water suitable for irrigation is generally available, however, wells are relatively 
deep - scaling approximately with elevation above MSL. Waste water 
injection wells are not thought to be permissible on site. In some cases, waste 
water may have to be piped a few miles to a UIC region, discharged to a 
municipal system, or reduced through use of dry cooling towers. 

land-3 Most of lands in these areas are owned by the Campbell Estate and the state of 
Hawaii. In tiie purely agriculture areas, land prices are roughly $30,000/acre; 
lease rates range fiom $300-15OO/acre/year. Some sources have reported that 
the state has a strong desire to keep these areas in agricultural production. 

transmission-3 There are a few 46 kV substations scattered about the general site area, most of 
which spur off of a single 46 kV transmission line. Several 138 kV lines cut 
through the site, however, splicing into some for an intermediate substation 
between Kahe and Waiau may be impractical. 

OAHU: 3) Ewa Plain 

general This site region sfretches from Baiter's Point toward the east over the entire 
Ewa Plain. Physically, tius is the best area on Oahu: best direa insolation, flat, 
transmission access, only area with fiiel pipeUnes, and most accessible to 
shipping. The one drawback, likely fatal, is the expeaed unwillingness/ 
impracticality of the Cami^ll Estate to sell or lease enough land for this 
comparatively low-value use. Massive development is planned and currenUy 
underway for the entire southwestem comer of Oahu. 
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insolation-A Annual direa insolation is estimated to be 5% higher than Manoa for the bulk 
of the site. Portions of this region are thought to experience the highest direa 
insolation on Oahu. 

lopo/geology-4 Entire region is quite fiat with slopes of less than 1%. Site elevation ranges 
from sea level to about 60 feet MSL. Principle soil types are coral outcrops 
near coast; elsewhere, coral which is thinly covered by stony silty clay loam 
soils. 

wate-A 

land-l 

transmission-3 

Water supply by sea water or brackish water wells (SO feet deep) and waste 
water disposal by underground injection well (100+ feet deep) are readily 
available for most of tiie region. 

Nearly the entire region is owned by the Campbell Estate and the U.S. Navy. 
Massive development is planned and currentiy underway for the region. 
Purchasing an unimproved t raa in the Campbell Industrial Complex currentiy 
starts at about $200,000 per acre. A 30 year lease term for a SEGS power plant 
is expeaed to be perceived as an unreasonably long commitment by the 
Campbell Estate. When the entire Ewa plain is considered, there may be a 
compatible iraa which could be acceptably permitted for SEGS use. If found, 
acquiring use of this site is expected to be expensive. 

This area is a well developed section of HECO's 46 kV transmission network. 
There are numerous substations and several generating facilities, particularly in 
the Campbell Industrial Complex. Additional generation in the area is possible 
but not desirable since there is already over 1000 MW of generation in this 
comer of the island. 

OAHU: 4) Lualualei 

general The Lualualei valley is a large flat valley situated to the west of the Honouliuli 
Mountains in southwestem Oahu. The valley penetrates several miles inland 
and is bounded at the coast by Nanakuli to the south and Waianae to the north. 
The only extensive sites (400 contiguous acres) are located on federaUy-owned 
Navy Radio Transmission Facility property. The current land ownership is 
perceived to be a serious conflict 

insolation-3 Annual direa insolation is estimated to be about the same as Manoa. In some 
areas, there may be a limited horizon to the east due to the Honouliuli 
Mountains. 

topo/geology-A 

wate-3 

The better areas within the region are relatively flat with slopes ranging from 
0.5% to 1%. Most of the area is vegetated with small scrubby trees. Site 
elevation ranges from 20 feet to perhaps 400 feet MSL. Principle soils are 
stony sUty clay loam and sticky, plastic clay exhibiting high shrink-swell 
potential; underlying material below 4 feet is coral, gravel, sand, or clay. 

Salt water and brackish water are readily available near the coast Deeper into 
the valley, fresh water resources may be adequate. Waste water injection wells 
near the coast are probable. In some cases, waste water may have to be piped a 
few miles toward the coast to a UIC region. It is noted tiiat the existing 
facilities and conceptual baseload additions at Kahe utilize once-through 
cooling with an ocean outiall. 

Kearney St Associates SEGS Assessment — State of Hawaii 



^^§fil2ng@SLition and Selection Page rV-17 

land-i 

t -2 
transmission-! 

The bulk of the property in the valley is controlled by the Naval Radio Station. 
Much of the coastal property is owned by the State of Hawaii and Hawaiian 
Homelands. Il is assumed that the Navy would not be receptive to a private 
power plant located within the Naval Facility. A projea utilizing Hawaiian 
Homeland property may be possible after extensive negotiation. 

The area has littie electric load and is only a few miles north of the Kahe power 
plant - the largest electric generating facility in Hawaii. There are currenUy 
four 46 kV substations located in the Lualualei valley, altiiough new generation 
here is expected to necessitate some transmission line additions. With the 
Honouliuli Mountains separating the valley from Hawaii's major loads, 
transmission line constmction would be significantiy more expensive than over 
level terrain. 

OAHU: 5) Waialua Area 

general The Waialua area stretches inland from Dillingham Air Force Base to 
Kawailoa. Some of the site's drawbacks include low insolation, wind and 
conosion hazards, and very limited existing electric transmission. 

insolation-2 Aimual direa insolation is estimated to be 10% lower than Manoa. 

topo/geolog-3 Areas near the coast have slopes of less than 1%. Sugar cane fields inland fiom 
Waialua are sloped fiom 2-5%. Site elevation ranges from sea level to perhaps 
600 feet MSL. Principle soils are clay over muck near shore and silty clay 
inland. 

water-3 Water suitable for irrigation is generally available; sea water and brackish 
water are available near the coast Waste water injection wells are not thought 
to be permissible on site, except near the coastiine. In most cases, waste water 
may have to be piped a few miles to a UIC region. 

land-3 The majority of the area is moderately sloped sugar fields owned by Castie & 
Cooke. Land prices are estimated at $40,000 per acre. Lease rates are 
approximately S900 per acre per year. 

transmission-! The area has modest electric load and modest electric transmission facilities. 
There is currentiy only one 46 kV substation located in the entire Waialua area. 
New generation in this area would likely necessitate lengthy transmission line 
additions. 

OAHU: 6) Kahuku Point 

general This region includes the coastal flats in the immediate vicinity of Kahuku 
Point The area has several serious drawbacks including high winds, high 
conosion potential, high water table, tsunami hazards, and probable land use 
conflicts. 

insolation-l Aimual direa insolation is estimated to be 15% lower tiian Manoa, although 
there is some suspicious data which suggest considerably higher values for 
isolated portions of the region. 
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topo/geology-4 The coastal areas comprising this region are relatively flat, with slofies ranging 
fiom less than 0.5% to 1%. Site elevation ranges from sea level to about 30 
feet MSL. Primary soils are sand and coral outcrops near shoreline, clay over 
muck, and silty clay inland. 

water-4 Saltwater, bradcish, and fresh water are readily available. Injection weUs are 
thought to be permissible on or near the site. 

land-! The (Campbell Estate owns the entire area. Altiiough generally undeveloped, 
the Campbell Estate's master plan envisions much of the area as park land and 
tourism-related development. Due to neaiby development and potential fiiture 
plans, real estate prices reflea a premium and may be available for about 
$75,000 per acre. 

transmission-! There is a single 46 kV corridor which circles the island adjacent to this area. 
This area is perhaps the most remote pan of HECO's entire transmission grid. 
A few existing substations in the area connea with wind projects in the 
vicinity. Additional small generation in this area may be desirable. A sizable 
new generating facility, however, would likely require quite a few miles of new 
circuit 

i^i 

HA WAH SITES (assumes 30 MWSEGS ate) 

HAWAH: 1) WaikoloaArea 

general This broad region includes the Waikotoa general vicinity from Lahuipuaa to 
Kawaihae along the coast and inland toward Waimea. The better sites are 
toward the coast. These lands, however, are expeaed to be much more 
expensive and draw more opposition for industrial power plant use. Further 
infand, physical site characteristics deteriorate, yet projects should have less 
impacts and may be more feasible. 

insolation-A Annual direa insolation is estimated to be 10% higher than Manoa. Insolation 
resources are expected to improve at the lower elevations toward the coast and 
to tite northwest, with tiie best areas in tiie vicinity of Kawaihae (perhaps 20% 
higher than Manoa). There is a non-precipitating sea breeze cloud which 
fitquently stagnates in the general Waikotoa area. The typical nature of this 
cloud could have significant impacts on direa insolation throughout the area 
and would have to be thoroughly investigated prior to siting a SEGS facility in 
this vicinity. 

topo/geology-3 Typical slopes are 3 to 5% mauka from Highway 19. Toward Waimea some 
lands have less slope (2%) but Ukely have less sunshine and are more 
expensive. South of Kawaihae between Highway 19 and the coastline, some 
parcels are nearly level. This flat coastal portion, however, is prime real estate. 
Site elevation ranges from sea level to 2500 feet MSL. The primaiy soil is very 
stony (50% of surface layer) fine sandy loam, underlain by lava at a deptii of 
20-40 inches. Other areas are extensive lava fields with littie or no soil 
covering. 
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n 

water-3 Fresh ground water is available but relatively deep. Near the coast, sea water 
and brackish water are readily available. Injection wells would have to be 
located toward the coast, which may entail piping waste water from higher 
elevation sites. 

land-3 Prominent land owners in the area are the Parker Ranch, Transcontinental 
Development Corporation, and the State of Hawaii. Some tracts may be 
available for about $25,000 per acre. Parcels near Waimea and along the 
highways are likely to be much higher. Tracts along the coast are likely to be 
very expensive. Undeveloped state lands near the coast may evenmally be 
designated for use as parks. 

transmission-^ New generation on the west side of Hawau would be highly desirable due to 
significant load growth in the region over the past ten years. HELCO is 
planning additions in the Kawaihae area in the immediate fiiture. There are 
several 69 kV transmission lines and substations within the general area. From 
a transmission standpoint, this area is currently the most desirable location on 
the island in which to add capacity. 

HAWAH: 2) North Kohala 

general 

insolation-5 

topo/geology-0 

water-3 

land-3 

This area stretches along and above Ifighway 270 north of Highway 19, from 
Kawaihae to Mahukona. The region is thought to have the highest insolation 
of any site under consideration^ however, it is also the steepest land being 
considered in the assessment Although the site scores favorably in the 
evaluation process, the prevailing slope of 10% must be constmed as a fatal 
fiaw for this region. The current SEGS technology is not designed for 
installation in such terrain. It is expeaed that the necessary solar field design 
modifications and/or site grading costs would be prohibitive. 

Annual direa insolation in better areas is estimated to be 20% higher than 
Manoa. With the high mountain peaks excepted, areas in the lee of the Kohala 
Mountains are thought to experience the highest annual direa insolation in the 
state. Available global horizontal data collaborates this area's claim to the 
highest insolation of any low elevation site in the state. 

The entire region is steep, with slopes of about 10%. Site elevation ranges from 
sea level to about IOOO feet MSL. The charaaeristic soil is stony loam with 
numerous gullies and rocky outcrops. Much of the area has scmbby vegetation 
including numerous kiawe (mesquite) trees up to 20 feet tall. The slopes in this 
region are considered excessive, resulting in a fatal flaw. 

Water suitable for irrigation is available in some areas; sea water and brackish 
water are available near the coast There is a proposal to divert water from the 
east side of the Kohala Mountains to the dry westem side, introducing a 
potential fresh water at the northem end of the siting region. Waste water 
injection wells are not thought to be permissible on sitc, except near the 
coastiine. In most cases, waste water may have to be piped a few miles to a 
UIC region. 

A large portion of the region is owned by the state of Hawaii and Hawaiian 
Homelands. Large private landowners include the KohaU Ranch, Parker 
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Ranch, and the Queen's Medical Center. The area is mostiy undeveloped, 
although a number of hotel and housing projects have been initiated io recent 
years. There may be resistance to large power plant development in the area 
from hotels and residents for visual aesthetic reasons. 

transmission-A New generation on the west side of Hawaii would be highly desirable due to 
significant load growth in the region over the past ten years. HELCO is 
planning additions in the Kawaihae area in the immediate fiiture. The 69 kV 
transmission system currentiy terminates at Uie Kohala Ranch substation about 
8 miles south of Mahukona. 

n 

HAWAH: 3) Keahole Point Area 

general This area stretches firom north of Kona near the Keahole Airport, across the 
lava fields toward Waikoloa. The Host Park-Natural Energy Laboratory of 
Hawaii is a specific site within this broad region which has many favorable 
siting characteristics. As of 1991. Host Park had adequate iiulustrially zoned 
acreage for a 30 MW SEGS plant, altiiough NELH may soon secure 
comrrutments fiom tenants which would render the site unavailable. 
Immediately adjacent properties may also be earmarked for development or 
unavailable because of airpon expansion plans. Barren lava fields to the 
northeast may prove to be suitable. 

insolationA Annual direa insolation is estimated to be 13% higher than Manoa. Unlike 
most of the other sites under consideration, there is a long period record of 
measured global horizontal and diffiise horizontal insolation from the NELH. 

topo/geology-3 Some areas near the coastline are nearly level, while many areas to the 
northeast have slopes less than 0.5%. The region is almost entirely comprised 
of unvcgetated Aa and Pahoehoe lava fields, with occasional patches with thin 
soil less than 6 inches deep. Site elevation ranges from sea level to perhaps 600 
feet MSL. Grading work on the flat lava fields at the NELH was reported to 
cost approximately $50,000 per acre. 

water-A Sea water and brackish water are available along the coast The NELH site, 
which performs ocean thermal energy conversion (OTEC) research, has the 
unique option of providing 43°F sea water for cooling. NELH currentiy 
charges water users $3.50 per ^ m per month. Waste water injection wells 
should be permissible on site. It is noted tiiat sea water from the NELH is 
currentiy discharged directiy onto the tava. 

land-4 Neariy the entire area consists of barren lava fields owned by the state. It is 
assumed that land could be leased for tiiis project, particularly near the NELH, 
given that the site is already dedicated to the utilization and study of natural 
energy in Hawaii. 

transmission-4 New generation on the west side of Hawaii would be highly desirable due to 
significaiu load growth in the region over the past ten years. A 69 kV 
transmission line parallels Highway 19 through the area, interconnecting with 
an existing HELCO power plam about 6 miles south of the NELH. 
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HAWAH: 4) South Point 

general The area under consideration is the southeast comer of the intersection of South 
Point Road and Highway 11. The extreme soutiieastem portion should have 
the best insolation. Drawbacks include questionable insolation. likely electric 
transmission upgrade requirements, a windy and corrosive environment, and 
the aroheological importance of the area. 

insolation-! Annual direa insolation is estimated to be 10% lower than Manoa. The 
reliability of insolation in the area is questionable. The extreme south point is 
tiiought to be generally sunny. Yet, only 10 miles north on the southern Kau 
slopes of Mauna Loa, reports suggest tiiat there is less sunshine than in Hilo, 
which is about 30% lower than Manoa. 

topo/geology-3 The Soutii Point area consists of clear grasslands of 2-5% uniform slope. Site 
elevation ranges from sea level to perhaps 1,000 feet MSL. Soils are a mixture 
of deep (> 4 feet) fine sandy loam and extremely stony loamy sand about 20-30 
inches deep, underlain by Aa Lava. 

wa/er-4 Water suitable for irrigation is generally available; sea water and brackish 
water are available near the coast Waste water injection wells are tiiought to 
be permissible on site near the coastiine. 

land-3 The prefened extreme southern section of the region is owned by Hawaiian 
Homelands. The northern part has various private landowners. Much of the 
land is utilized as pasture. The area is significant for its aroheological sites and 
for being the souttwmmost point in the United States. 

transmission-! The area is a long w ^ from load centers and already contains a wind turbine 
farm. Substantial transmission upgrading would likely be required for an 
additional 30 MW of generation at this sile. 

HAWAD: 5) Kau Desert 

general Desert area in the lee of the Kilauea Crater in Hawaii Volcanoes National Park. 
The entire desert is on National Park territoiy and hence not expeaed to be 
available for SEGS development. 

insolationA Annual direa insolation is estimated to be 10% higher than Manoa. The 
insolation environment in this general area is tiiought to be very site specific. 

topo/geolog-! The prevailing grade of the desert is about 3%, sloping to tiie south-southwest; 
some areas to the soutii and east are much steeper. Site elevation ranges 
roughly from 2,000-4,000 feet MSL. The desert is a tava ramp consisting of 
sparsely vegetated pahoehoe and aa flows, with occasional bedrock 
outcroppings and suiface crevices. 

water-! Water resources in the area were not investigated. Waste water disposal would 
likely be veiy difficult 

land-O The Kau Desert is totally contained within the Hawaii Volcanoes National 
Park. A private power plant serving the general electrical needs of the island is 
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considered an incompatible land use witii a National Park. In this case, land 
ownership is considered a fatal fiaw. 

transmission-! Electric transmission lines parallel Highway 11 in the volcanoes region. 
Although HELCO's load growth is primarily on the Kona side of the island, 
electrical interconnection at this site should be straightforward from a technical 
stand point. However, permitting overland electric transmission lines within 
the Kau Desert would be highly restricted if not actually prohibited 
(Conservation District, Subzone P (Protective)). 

HAWAH: 6) Humunia Saddle 

V : 

general This high altitude site includes the land near the summit of the Saddle Road 
(Highway 200). Some of the site's drawbacks include water supply and waste 
water disposal uncertainties, current land use as army base, endangered species 
(birds) in the area, and volcanic hazards. 

insolation-2 Annual direa insolation is estimated to be 5% lower than Manoa. This site 
should have peak instantaneous direa noimal insolation that is slightiy higher, 
perhaps by 5-15%, than any of the other sites considered in the study due to the 
thinner air mass through which sunlight must travel. The site encounters 
prevailing afternoon upslope clouds fiom both the east and the west 

topo/geology-3 Typical slopes in the saddle area are about 2-3%. Site elevation ranges from 
about 5,500 to 7.000 feet MSL. Principle soils are deep alkaline loamy sand 
intermixed with lava fields. 

water-l 

land-2 

There is no known local water supply other than water catchment. The Army 
base trucks in all of its water requirements for up to 3.000 troops per day. Dry 
cooling towers and perhaps evaporation ponds may be required, since waste 
water disposal by UIC is not an option at this site. 

All lands in the region are either federally owned or state owned and leased 
long-term to the Army. The only major land use in the area is the army base 
near the crest of the saddle. 

transmission-3 The site is transected by one 69 kV line, with a single substation at the army 
base, and a 138 kV transmission line which has ru> substations in the area. 

MA Ul SITES (assumes 30 MWSEGS ate) 

MAUI: 1) Old Airport Site 

general This site is the immMigtf vicinity of the old Maui airport, approximately 4 
miles due soutii of Kahului. The State is coordinating with Maui county 
ofiBcials lo perform master planning for the IOOO aae sile. The sile is 
envisioned to contain a wide variety of land use areas, including some 
industrial. A new county waste water treatment facility is one potential user 
that may integrate weU with a potential SEGS by providing the option of waste 
water effluent re-use for power plant cooling purposes. A SEGS in this area 
may prove feasible, particularly if incorporated into the site's master plan. 
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topo/geologyA Sugar cane fields inland from tiie coast are sloped fiom 1-3%. Site elevation 
ranges from sea level to perhaps 150 feet MSL. Principle soils are silty clay 
loam soils underlain by gravel. 

water-3 Water suitable for irrigation is generally available; sea water and brackish 
water are available near the coast. Waste water injection wells are permissible 
near the coastline. In some cases, waste water may have to be piped a short 
distance to a UIC region. 

land-3 The majority of the area is moderately sloped sugar fields owned by Alexander 
& Baldwin. The immediate vicinity of the Kahului Airport is owned by Uie 
state of Hawaii, and closer to Kahului there are various small land owners. 
Agriculture lease rates are estimated at $900 per acre per year. 

transmission-3 There are several 69 kV and 23 kV transmission circuits adjacent to the site 
due to the proximity of the Kahului power plant, which is only about 2 miles 
from much of the siting region. This area is considered to be acceptable but not 
favorable for new capacity additions. 

KA UAI SITES (assumes IS MWSEGS site) 

KAUAI: 1) Mana Plain 

general This area includes tiie entire Mana Plain, but especially near Kekaha. The area 
is a very flat sedimentary plain on the sunny side of the island. 

insolation-3 Current estimates of aimual direa insolation are about the same as Manoa. 
The limited measured data for the area, however, suggest that annual direa 
normal may possibly be 10% higher than Manoa. 

topo/geology-5 The majority of the Mana Plain is very flat, with slope of less than 0.2%. 
Tracts adjoining the foothills of the Wiamea Mountains have somewhat more 
grade. Site elevation is generally less than 20 feet, particularly near Kekaha. 
but ranges up to perhaps 80 feet MSL in areas to the north. Primary soils are 
clay, silty clay, fill land, and loamy fine sand in some areas along the coast. 
The loamy sand is highly erodible with vegetation removed and is not generally 
utilized for crops. Much of the area is a natural swamp with a high water table 
Oess than 2 feet in most areas). Even with the area's extensive sugar 
cultivation. 15.000 gpm (= 22 mgd) is continuously drained fiom the area and 
pumped to sea. If the sugar industry pulled out of the area, the water table 
would rise and some areas would revert to swamp. The high water table and 
soft soil would be a major consideration for footing and foundation design in 
this area. 

water'* Fresh water resources in the area are abundant if not excessive. The area has 
sufficient fresh water supply to utilize once through cooling. Thermal impacts 
of the discharge stream may make this option difficult to permit A 15 MW 
SEGS plant would need about 5 mgd for once through cooling, based on an 18 
degree F temperature rise. Given the region's immediate proximity to the coast, 
waste water injection wells should be permissible on site. 
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land-3 

transmission-! 

hazards-! 

KAUAI: 

A 10 mile long strip of coastal property in extreme vfesiem Kauai is federally 
owned and utilized as the Baridng Sands Pacific Missile Range Facility 
(PMRF). Practically aU other propei^ in the area is owned by the State of 
Hawaii and leased for sugar cultivation. Lease rates are estimated at 
approximately S900 per acre per year. 

(yoe 69 kV transmission line, currentiy energized at 57 kV, nins through the 
area to the PMRF. There has been essentially no load growth in the area 
resulting in about 5-10 MW of transmission capadty available in the area's 69 
kV line (based on pre-Iniki infonnation). Wheeling a sizable amount of power 
to the eastern developed side of the Kauai would likely require 12-15 miles of 
new transnussion line to Port Allen, where it could then interface with a major 
138 kV transmission upgrade from Port Allen to Lihue. "Dxe new Port Allen-
Lihue upgrade was originally expected in 1995. Hurricane Iniki devastated the 
island's transmission and distribution network. It has been estimated that it 
may take up to 6 months to restore service throughout the island. At this time, 
comments pertaining to transmission availability in Kauai must be considered 
in the context of the post-hurricane situation. 

Hurricanes are uncommon in Hawaii. Yet. of the three damaging hurricanes in 
Hawaii's modem recorded history. aU three delivered the brunt of their fiiiy on 
tiie island of Kauai. Given the relatively tight grouping of the Hawaiian islands 
and the unpredictable nature of hurricanes, this circumstance is considered to 
be more of a statistical anomaly tiian a demonstrated pattern. Nevertheless. 
Hurricane Iwa (1982) and Hurricane Inild (1992) both produced wind gusts 
exceeding 100 mph on the Mana Plain as well as significant storm surge along 
the area's coafllinr. Almost certainly, a SEGS facitity located near Kekaha 
would have suffered major damage, particulariy during Hurricane Iniki. 
Additionally, the tow elevation and flat topography of the region make tiie 
coastal areas potentially susceptible to tsunami damage. 

2) Poipu 

general The area under consideration is the vicinity around the McBryde Mill (Koloa 
Mill) fanning out toward the coast The luxury resort developments along 
Poipu Beach are among Uie most expensive in Hawaii. The area has suffered 
extensive hurricane damage, particularly along tiie beaches, during both Iwa 
(1982) and Iniki (1992). 

insolation-! Annual direa insolation is estimated to be 10% lower than Manoa. Direa 
normal near the beach should be higher. 

topo/geology-3 The better tracts in the area are of modest slope (2-3%). Sitc elevation ranges 
fiom about 40 to 200 fea MSL. Principle soils are shallow stony silty clay over 
hard pahoehoe rock. There are some outcrops of the substratum rock. 

water-3 Water suitable for irrigation is ^nerally available; sea water and brackish 
water are available near the coast Waste water injection wells may have to be 
located off-site, nearer to the coastiine. 

land-3 The majority of the area is moderately sloped sugar fields owned by the Grove 
Farm Co. Immediately inland from the coastal resort development are a few 
golf courses. Land prices are estimated at $40,000 per acre and lease rates are 
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approximately $900 per acre per year. In areas where there is development 
pressure for other uses, land will be much more expensive. 

transmission-* The area ts a desirable location for additional electrical generation. There is 
currently one 57 kV substation located at the Koloa Mill, which delivers 
between 16-28 GWh of bagasse fiieled non-firm electricity to Kauai Electric 
every year. 

MOLOKAI SITES (assumed 80-200 MWSEGS site) 

MOLOKAI: 1) Kabanul-Palaau Flat 

general This area spans from south of the Molokai airport to the coast. The primary 
appeal of Molokai is the availability of large tracts of undeveloped land. Any 
projea envisioned here, however, must utilize inter-island electric 
transmission. It is expected that there would be significant social hurdles to 
clear in order to pursue a projea on Molokai. 

insolation-3 Aimual direa insolation is estimated to be about the same as Manoa. During 
trade wind conditions, it is ^ i c a l for aftemoon clouds to form in the wake of 
the tall east Molokai mountains. The exaa position of the wake cloud is a 
ftmction of the trade wind direction and strength. It is expected that direa 
normal insolation should be best near the coast 

topo/geology-3 The ocean coast is banded through this region by mangrove marshes several 
hundred feet wide. Surrounding the coastal marshes are salty s i l^ loam mud 
flats which have a slope of less than 1% and elevation of less than 30 fea MSL. 
Flooding and ponding after heavy rains are common; when dry. the area suffers 
high wind erosion. The brackish water table in this vicinity is only 12-40 
inches deep. Easily compacted silty clay soils often adjoin the mud flats. 
Toward Kaunakakai. in the Kahanui region, undulating terrain is vegetated 
with brush and small trees; overall slopes are less than 2 % Further inland, 
typical soils are very stony, eroded silty loams which slope up toward the 
airport area to an elevation of almost 400 fea at an average grade of 3-4%. 

water-* Water suitable for irrigation is available in some areas; sea water and brackish 
water are available near the coast. There are fresh water supplies less than 5 
miles away, but they are not necessarily politically available. Waste water 
injection wells are thought to be permissible over much of the siting area, 
particularly near the coastline. 

land-5 The majority of the area is owned by Molokai Ranch and Hawaiian Homelands. 
Development of the Hawaiian Homelands for other than its intended use may 
be a sensitive issue. Land prices are estimated at $10,000 per acre and 
agriculture leases nm $250-350 per acre per year. 

transmission-l Molokai has insufficient load to warrant consideration of a SEGS facili^ solely 
for its own use. A SEGS here can only be feasible in conjunction with an inter-
island transmission cable to export the bulk of the electricity from the projea to 
either Oahu or Maui County. MECO reccntiy considered a tri-island cable 
projea for Maui County which had a cost of $100 million ($l,250/kW). A 
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recent HECO study performed by Black & Veatch evaluated Molokai as a 
prospective site for a 720 MW baseload power plant. Estimated transmission 
costs from this projea came in at $320 million ($444/kW). It is noted tiiat the 
evaluation methodology used in this study will not adequately reflea the 
econonuc impaa of undersea cable transmission. In addition to the economic 
considerations, any projea requiring inter-island electric transmission will 
have to contend with social and environmental hurdles. 

MOLOKAI: 2) Sonthwestenn/Westera Molokai 

general This area includes all of westem Molokai; particularly areas southwest of 
Maunaloa. Areas to the northwest include a few isofated flatter areas which are 
extremely windy, of limited size, and possibly less insolation. Any projea 
envisioned here must utilize inter-island electric transmission to Oahu or Maui. 
It is expected that there would be significant social hurdles to clear in order to 
pursue a projea on Molokai. 

insolation-3 Armual direa insolation is estimated to be 3% less than Manoa. During trade 
wind conditions, it is typical for aftemoon clouds to form in the wake of the tail 
east Molokai mountains. The exaa position of the wake cloud is a fiinction of 
the trade wind direction and strength. Its usual position over westem Molokai 
would have to be resolved prior to pursuing this area as a SEGS site. Based on 
preliminary information, it is expected that direa normal insolation should be 
best along the southem edge of the region, near the Hale O Lono Harbor, and to 
the extreme noithwest, around Ilio Point The higher elevations around 
Maunaloa are expected to be much worse. 

topo/geology-! Most of the region has slopes of 3 to 5% The higher elevation areas, up to 
1000 feet, are somewhat flatter and either clear pasture or grasslands with few 
trees, consistiag of silty loam and silty clay loam soils 4-7 fea thick. In areas 
which were previously cultivated in pineapple, the surface soil layer will be 
strongly acidic. The lower elevations in Southwestem Molokai are steeper, 
rougher, and forested with 12-25' kiawe trees. Soils are thin (generally less 
than 2 fea to bedrock), veiy stony (50-75% of surface are stones and boulders), 
and eroded with gulUes. 

water-* Fresh water resources in westem Molokai are very limited. The only water 
currently available is quite brackish (perhaps 9,000 ppm chlorides). This is the 
primaiy faaor inhibiting conventional development in the area. Sea water and 
braddsh water are available near the coast. Waste water injection wells are 
thought to be pomissible over much of the siting area. 

land'5 The majority of the area is owned by Molokai Ranch, Kalua Koi Corp., and 
Alpha USA. There is a federaUy owned Coast Guard reservation at the extreme 
northwest at Uio Point The entire region is almost completely devoid of 
development, except for the small resort community at Kepuhi. Land prices are 
estimated at $10,000 per acre and agriculture leases at $250-350 per acre per 
year. 

transmission-1 Comments identical to those above for Kahanui-Palaau Flat. 
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Table IV-2. Evaluation Matrix for Candidate SEGS Sites In Hawaii 

CANDIDATE 

BEOS 
srrE 

OAHU 

PaarlHBZ 

H. E v n Ptal 

Ewm Pl i ln 

U i a l i w M 

Wi la tua 

Kahu lo i f t . 

HAWAII 

Watholoa 

N. Kohala 

Kaahol* R. 

a o u t h P t 

KauDMar t 

Saddia Rd. 

MAUI 

Old Airport 

Klhal 

Llhalna 

Kahului 

KAUAI 

Mana Plain 

Polpu 

MOLOKAI 

Palaau Flat 

SW/W 

TOTAL 

RELATIVE 
BCORE 

37S 

S04 

3 M 

280 

248 

290 

360 

332 

347 

2S8 

2<1 

233 

331 

304 

2fi6 

312 

345 

2S» 

298 

292 

PRIMARY FACTORS 

tnselat lon 

Wal f lh t : 

+5% 

- 3 » 

45H 

aame 

-10H 

-15H 

+10H 

+20H 

* 1 3 H 

-10% 

410% 

-5% 

aame 

+3% 

O H 

-3% 

same 

-10% 

same 

-3% 

40 

4 

3 

4 

3 

2 

1 

4 

5 

4 

2 

4 

2 

3 

3 

3 

3 

3 

2 

3 

3 

Topographyf 

Ocology 

<.5H(secrm] 

2-5%(clay) 

<1H(Mdm) 

1%(day) 

2-5%(day) 

<1%(sadm&clay) 

2-5H(lava) 

10% («Dd&ttony 

0 S 4 % ( l » a ) 

3-5%(l0BmaisvB) 

3%(lBva) 

2-3%0oamaiBus) 

1-2%(lo8m) 

3-10%(stonr Clay 

6%(ctony day) 

l-3%(loam) 

<.5H(6edm/sogy 

2-3%(clayStavB} 

1-5%(mud Hats) 

3-5H{eroda«tony 

5 

3 

4 

4 

3 

4 

3 

0 

3 

3 

2 

3 

4 

2 

1 

4 

5 

3 

3 

2 

Watar Supply/ 

Wasta Watar 
4 

UIC 4 

OUIC 3 

UIC 4 

OUIC 3 

oUtC 3 

UIC 4 

OUIC 3 

OUIC 3 

UtC(NELH} 4 

UIC 4 

OUIC 2 

(Dry) 1 

UtC(r»-uM) 4 

OUIC 3 

oUIC(GWR 2 

OUIC 3 

UIC 4 

oU iqCWR 2 

UIC 4 

UIC 4 

Land 

UsWCovt 

4QK;USN 

30K 

40K 

USN&HH 

30K 

40K 

10K 

40K 

40K;HI 

5K;HH 

USNP 

USA&HI 

4aK:HI 

10K 

35K 

45K 

7K;HI 

10K 

7K 

SK 

22. 

3 

3 

3 

1 

3 

3 

4 

3 

3 

5 

0 

2 

3 

4 

3 

3 

5 

4 

5 

5 

Elactrle 

Transmission 

Oood(<5) 

ok(<5) 
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RESULTS OF PRELIMINARY SITE SELECTION 

Matrix Evaluation of Candidate Sites 

The matrix presented in Table [V-2 summarizes the results of tiie sitc selection. The matrix contains a 
unique line for each candidate site. The number immediately following the site name is the total relative 
score. Each line also contains value assignments for each primary, secondary, and tertiary siting factor. 
The weighting for each siting issue is included at the top of each column, immediately below the siting 
factor heading. The total relative score is obtained by surmning all of the weighted siting factor scores for 
a particular site. The matrix also contains sub-totals for the cumulative impact of all primary siting 
factors, and a sub-total for the collective impact of all secondary and tertiary siting factors. 

Since the maximum raw score is 5 in all cases, and the total siting &ctor weighting is 100, a hypothetical 
site which embodies exceptional qualities for each siting factor would produce a perfect total relative score 
of 500. An average site, that is a site which had typical characteristics of a candidate SEGS site scored as 
3's for every siting factor, would produce a total relative score of 300 (3 x 100). Any site which includes a 
zero (0 = fatal flaw) as a score for any siting factor in the matrix is dropped from further consideration as 
a SEGS site. 

The importance of the results of this site selection process is the organization of sites into several groups, 
rather than a sequential ranking of absolute scores. We emphasize that the techniques employed in this 
assessment rely more on subjective judgment based on e^qxrience than detailed site-specific iriformation. 
The results of the matrix have been grouped into three categories Preferred. Acceptable, and Not 
Recoirunended. The breakpoints chosen for these classifications are: 

K* 

Preferred 
Acceptable 
Not Recommended 

Total score >= 325 
275 < Total score < 325 
Total score <= 275. 

Applying the grouping breakpoints to the candidate sites which were considered yields the 
recommendations contained in Table IV-3 and shown in Figure IV-2. 

Table IV-3. Site Selection Results 

Preferred 
Pearl Harbor Blast Zone (Oahu) 

Ewa Plain (Oahu) 
Waikaloa (Hawaii) 

Keahole Point (Hawaii) 
Old Airport (Maui) 
Mana Plain (Kauai) 

Acceptable 
North Ewa Plain (Oahu) 

Lualualei (Oahu) 
Kihei (Maui) 

Kahului (Maui) 
Palaau Flat (Molokai) 

SWAV Molokai (Molokai) 

Not Recommended 
Wailua (Oahu) 

Kahuku Point (Oahu) 
Soutii Point (Hawaii) 
Saddle Road (Hawaii) 

Lahaina (Maui) 
Poipu (Kauai) 

North Kohala (Hawaii) 
Kau Desert (Hawaii) 

Discussion of Site Selections 

Under the strict application of the grouping breakpoints, the North Kohala site on Hawaii would be a 
preferred site. However, due to the excessive slope (10%) at that site, topography was judged to be a fatal 
flaw. The Kau Desert site, also on Hawaii, was dropped firom consideration since we believe that the 
siting of a SEGS power plant in a National Park would be unacceptable. 

Kearney St Associates SEGS Assessment — State of Hawaii 
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The levelized cost of electridty from a SEGS plant is determined from, among other contributions, the 
projected perfomiance and estimated capital cost of the facility. An important element affecting both of 
these is the economy of scale improvements associated with increasing the size of the plant. Larger plants 
lead to lower unit costs and have higher turbine eiHciencies than smaller plants. The envisioned plants 
located on both Oahu (80 MW) and Molokai (80-200 MW, assuming an Oahu-Molokai transnussion 

r; cable) will benefit from the economy of scale factor relative to the smaller facilities which are envisioned 
VS for sites on Kauai, Maui, and Hawaii. This impact has not been reflected in the site selection process. 

PERMITTING ISSUES 

Introduction 

As with any major industrial development, permitting is a major component of turning a project into 
reality. The objective of this discussion is to examine the permitting environment in Hawaii as it applies 
to SEGS power plants in order to provide a general guideline based on cunent requirements. Discussion 
of primary permitting steps will be the focus here, although a general listing of permits which may be 
required for a SEGS development by federal, state, and county permitting agencies will also be included. 
Among the major permitting processes examined are those required for land use and those designed to 
limit adverse environmental impacts. A rough cost estimate for the effort needed to obtain the major 
permits most likely required for a Hawaiian SEGS project is also included. 

This report draws heavily fiom DBED-sponsored assessments on the permitting of geothermal and 
photovoltaic developments. Particularly in the area of geothermal power, recent analyses of permitting 
regimes and requirements has been quite thorough. Since there is considerable overlap in the permitting 
requirements of SEGS and geothermal developments, a more detailed investigation into the specific 
requirements of particular permits may be available through the reports on geothermal permitting. 
Sources of information used to create this report, both published sources and state agency contacts, are 
included as the final section of this report. 

In C^ifomia's Mojave Desert, an 80 MW SEGS plant requires about 400 acres of land and has an 
annual consumptive water use of approximately 900 acre-feet (560 gpm; 0.8 mgd). Mostof the water 
is used in the plant's wet cooling towers. A smaller portion is used for blowdown. make-up feedwater, and 
mirror cleaning. Wastewater Is disposed of in evaporation ponds. The hot, dry desert climate mitumizes 
the acreage required for the disposal ponds. To reduce installation costs of tiie solar field, a SEGS sitc is 
graded into level terraces during the initial phase of construction. Also worthy of note is the fact that 
Mojave Desert SEGS plants are located adjacent to natural gas pipelines, thus eliminating tiie need for on-
site auxiliary fiiel storage &ciUties. 

Numerous possible permits are described and listed in this report. The potential applicability of each for a 
SEGS power plant will be project and site specific. The air quality permits mentioned herein would only 
be necessary if an auxiliary fiiel were to be used. Numerous other permits are contingent upon the 
necessity of electric transmission expansion/additions, especially via an inter-island underwater cable. 
The size of a SEGS project would also have some bearing on the requirements of certain permits. In the 
following sections, the applicability of specific permits will be described in the context of a SEGS project. 

Discussion of Permitting Considerations 

Land Use 

As dictated by Hawaii Revised Statues, Chapter 205, all lands in the state of Hawaii are designated by the 
State Land Use (l)ommission into four land-use classifications: 1) agricultural, 2) rural, 3) conservation, 
and 4) urtian. The state retains regulatory authority for all conservation distria lands, while the respective 
county goverrunents have sole jurisdiction over zoning on lands in urban districts. Agriculture and rural 
district lands are managed jointiy by the state and counties. Most areas identified as potential SEGS 
development sites are in agricultural districts; a few are in conservation districts. Required electric 
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transmission upgrades could involve all four land use districts. The following section presents an 
overview of the permitting procedure for development in each of the land use districts likely to be 
encountered. 

There is no precedent in Hawaii for land use permitting of solar power plants. It is not known with 
certainty what zoning would be required for a SEGS development While zoning laws vary fiom county p;: 
to county, it is presumed a SEGS power plant would require Urban-Industrial zoning. Vacant, multi- ; ] 
hundred acre tracts of Urban-Industrial zoried land are uncommon in Hawaii. Furthermore, it is critically 
important to select a SEGS site based on favorable siting factors (insolation, topography, etc.) in order to 
minimize construction and operational costs and to maximize plant performance. Only the Keahole Point 
area on the Big Island combines favorable siting criteria with industrial zoning. All other potential SEGS 
sites in the state would likely require special action. 

Informal discussions with the State Land Use Comnussion were inconclusive in identifying the most 
likely scenarios for permitting SEGS projects in the various land use districts. If agriculture lands were 
prohibited fiom development, the number of potential SEGS sites in Hawaii would be significantiy 
dimiiushed. The clarification of which land use districts are SEGS-compatible. and the procedure 
required for development of these lands, will have important ramifications for the prospects of SEGS in 
Hawaii. Due to tiiis uncertainty, three possible alternatives are discussed below: I) legislative action 
permitting solar development on agriculture district lands, 2) specific land use permits, and 3) re­
designating land to zoning allowing SEGS development 

Legislative Action 

State land use legislation was amended in 1976 to list wind energy production as a permitted agricultural 
use. It is possible that this same action could establish solar thennal electricity production as a permitted 
use for agriculture district lands as well. It should be noted, however, that wind turbine machines, 
perched high above the ground on widely-spaced pedestal towers, do not greatiy impact the agricultural 
potential of the land below them. A SEGS development, on the other hand, would be consumptive of the 
entire footprint that the power plant would occupy. No agricultural use—not even livestock 
grazing—would be practical within the solar field. While the state of Hawaii is interested in promoting 
altemative energy development, it is also committed to preserving productive agricultural lands. It is 
conceivable that SEGS might only be permissible on less productive agricultural lands. Since such 
legislation, if enacted, would greatiy expand the development opportunities within the state, legislative 
action to allow permitting of SEGS power plants in agriculture disoicts is a potentially important issue. 

Specific Land Use Permits 

If considered a non-pemiitted use. a SEGS plant would require a special permit allowing use in that 
district State law provides for special use permits to facilitate "unusual and reasonable" uses of lands 
pernutted for other uses. If SEGS were not considered a reasonable use for a particular land use district, a 
more complicated District Boundary Amendment/Change of Zoiung procedure would be required. 

For allowable but noo-permitted development, the type of land use district dictates the required permitting 
process. On conservation district land, a Conservation District Use Pemut (CDUP) issued by the 
Department of Land and Natural Resources (DLNR) is required. A SEGS project in either agriculture or 
n u ^ districts would require a Special Pemut If the site is less than 15 acres, approval is granted solely 
by the County Planning Department. If greater than 15 acres (which would be the case for a SEGS plant), 
the Special Permit is issued by the State Land Use Comirussion contingent upon concurrence with the 
recommendation of the County Planning Department Permitting use on Urban District tracts which are 
not zoned compatibly for SEGS power plants is achieved through a Change of Zoning procedure to create 
SEGSKXimpatible urban zoning. 
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The CDUP and Special Permit generally define numerous special conditions which must be satisfied in 
order to proceed with development at a specific site. These permits will stipulate the requirement for such 
items as an Archaeological Review, Cultural Resource Assessment, and Environmental Assessment. The 
listing of special conditions can include numerous environmental and engineering disciplines affecting the 
construction and operation of the project. 

With respect to land use pemutting for electric transmission lines, a CDUP would be required for routing 
over conservation district land in all subzoncs except Subzone P (Protective), in which case power line 
corridors are not allowed. On agriculture, rural, and urban district land, electric transmission lines are a 
permitted use. On Oahu, proposed transmission lines rated at 38 kV and above require an amendment to 
the Development Plan for Public Facilities Map prior to construction. 

District Boundary Amendment/Change of Zoning Procedure 

The State Land Use Commission (LUC), County Planning Commission, or the DLNR may determine that 
a SEGS power plant is not a reasonable use within an agriculture or conservation district An alternate ^ 
path for securing permission to develop, in tiiese cases, may be to obtain a Distria Boundary Amendment 
fiom the LUC and subsequentiy a Change of Zoning fixim the County. Under this scenario, agriculture or 
conservation land could be re-defined as Urban by the LUC. This "new" Urban land would necessitate 
amendments to tiie appropriate County General Plan and/or COmnuinity Development Plan if not already 
refiected in these documents. Finally, the "new" Urban land would be zoned by the County suitably for a 
SEGS plant (most likely as industrial zoning). Additionally, this process would almost certainly trigger 
the Environmental Impact Statement. The time needed to complete the requisite actions would likely total 
several years. Due to the relative complexity and time element invoh/ed, the District Boundary 
Amendment/Change of Zoning Procedure is the least desirable of the three alternatives presented in tiiis 
section. 

Environmental Impact Statement 

The Environmental Impact Statement (EIS) process is a multi-step review designed to prevent significant 
environmental degradation. The Office of Environmental Quality Control (OEQC) is responsible for 
implementing the state's EIS Law. The iiutial step in the EIS review process is the Environmental 
Assessment (EA), which is prepared by the government agency who receives the irutial request for project 
approval. The EA is submitted to tiie OEQC informing of cither a Negative Declaration—signifying that 
the project will not have adverse environmental impacts—or the need for a more detailed Environmental 
Impact Staternent The current opinion of the 0 E ( ^ is that a SEGS project, due to its extensive scale, 
would lead to a fiill EIS if the review process is triggered. 

Hawaii's EIS Law. HRS Chapter 343, is applicable to any proposed project which fiilfills any of the 
following criteria: 

Uses State or County lands or fimds 
Is in a State conservation district 
Is the reclassification of conservation district land 
Is in a shoreline setback area (20 to 40 feet fiom the shore) 
Is located in Waikiki 
Is within a listed historic site 
Requires an amendment to a County land use plan 
Is the construction or modification of helicopter facilities. 

Certain additional criteria can trigger environmental reviews other than the state EIS. If federal lands or 
fimds are used for the project, the more stringent NEPA (federal) EIS procedure is required. Final 
approval for the federal EIS is by the U.S. Environmental Protection Agency (EPA) and. if federal lands 
are involved, the federal Department owning the land. If the project involves coastal lands designated as 
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Special Management Areas (SMA's) — generally all coastal areas within 100 yards of the shoreline — an 
SMA Permit is required from the county's SMA permitting authority. Although the procedures vary 
somewhat fi'om county to county, one componem of the SMA Permit procedure is an environmental 
review process similar to the state EIS review. In some instances, the county's SMA authority can require 
the preparation of an OECJC EIS. If multiple environmental reviews are required, for instance both state 
and federal EIS's, efforts are made to reduce duplication of requirements. 

Department of Health/EPA Permits 

The State of Hawaii's Department of Health (DOH) and tiie U.S. Environmental Protection Agency (EPA) 
share permitting responsibility for all air emissions and hazardous and non-hazardous waste disposal firom 
a proposed facility. Primary DOH permits are Authority to Construct. Prevention of Significant 
Deterioration, Permit to Opcrate.Underground Injection Control, and the National Pollution Discharge 
EUnunation System. The EPA currentiy has permitting primacy for ha2artfous waste activity. The state's 
DOH is currentiy in the process of shifting primary responsibility for hazardous waste activity from the 
EPA to their Solids and Hazardous Waste Branch. 

Authority to Construct, Prevention of Significant Deterioration, and Permit to Operate 

Although SEGS plants can fimction without supplemental fiiel, utilities find the reliability and Hexibility 
of a supplemental fiiel configuration very attractive. In Hawaii, the most likely candidate back-up fiiels 
are diesel. fuel oil, and biomass. Even though the majority of the SEGS plant's electricity comes from 
sunshine, if the plant was equipped with the capability to bum an auxiliary fiiel, air quali^ regulations 
would be applicable. The DOH, Clean Air Branch admirusters numerous regulations designed to limit the 
adverse impacts of development on air quality. These include the Authority to Construct, Prevention of 
Significant Deterioration, and Permit to Operate permits. While tiie air quality control measures 
associated witii combustion are the major concern of this section, the DOH would also require fiigitive 
dust control measures during construction. 

In addition to compliance with National Ambient Air Quality Standards, SEGS power plants would be 
liable to regulations promulgated by the federal Standards of Performance for New Stationary Sources 
(NSPS) for steam generators (Subpart D). Specific regulations are dependent on boiler size. Additional. 
more stringent air pollution control requirements arise fiom the Ambient Air (Quality Standards and the 
Air Pollution Control Regulations of the Stale of Hawaii. The DOH, Clean Air Branch administers all 
regulations specified in the sources listed above. For any air emissions unit other than those specifically 
excluded in the Hawaii Air Pollution Conlrol Regulations, the DOH ensures compliance with air quality 
standards through the issue of the Authority to Construct (ATC) and Permit to Operate (PTO) permits. 
The application for Authority to Construct consists of a detailed description of the project, including 
proposed use of Best Available Control Technology (BACT) for pollutants sd)ject to limitation, and, in 
some cases, results of source emission testing and ambient air quality mooitoring. 

The Prevention of Significant Deterioration (PSD) review are additional requirements needed to evaluate 
tiie application for Authority to Construct for certain significant air pollution sources. The PSD applies to 
major stationary sources and major modifications which would enut any pollutant subject to regulation by 
the Clean Air Act, or such facilities in an area designated as attainment or unclassifiable. The PSD 
review contains additional requirements for BACH* and analysis of ambient air quality at the proposed site. 
This analysis must include at least one year of continuous air quality moiutoring data. The PSD requires 
both DOH and EPA approval. If the project is within \0t> kilometers of a National Park, tiie National 
Paiic Service (NPS) will also be included in the PSD review process. The stipulation for NPS invDlvement 
will affect all sites on the Big Island. Maui, and the eastern two-thirds of Molokai. 

A "major stationary source" is, by legal definition, any air pollution source which has the potential to emit 
one hundred tons per year (100 tpy) or more of any pollutant subject to regulation under the Clean Air 
Act The definition specifically includes any fossil-fuel fired steam electric plant with more than two 
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hundred fifty million British Thennal Units per hour (250 MMBTU/hr) heat input. This definition would 
apply to proposed SEGS plants rated for approximately 25 MW and higher. The exact value would 
depend on fiiel type and boiler design (the smallest unit ever classified as "major" in Hawaii was a 7 MW 
diesel urut). This distinction is significam in that a non-major stationary source is not subject to the PSD 
review process. A very small SEGS plant which was not liable to NSPS regulations and burned a clean, 
gaseous fossil fiiel would additionally be exempt from the requirements of the Autiiority to Construct and 
Permit to Operate. 

The Permit lo Operate is issued after construction is completed, contingent upon the approval of the DOH. 
This permit authorizes the operation of the plant acconfing to the provisions of the PTO. The permit is 
valid for five (5) years. 

Underground Injection Control. National Pollution Discharge Elimination System 

The wastewater generated by a SEGS power plant can be disposed of by underground injection, discharge 
to a sur&ce water body, or by an evaporation pond. Underground injection, where allowed, is tiie most 
practical disposal method in Hawaii. 

Underground Injection Control (UIC) regulations are designed to protect drinking water quality aquifers 
from contarrunation by agricultural and industrial wastes. The DOH, Safe Drinking Water Branch 
oversees compliance with UIC laws. Maps have been developed which identify the UIC Line—a legal 
boundary delineating areas in which underground injection is allowed and prohibited. Since ocean water 
intrusion deteriorates fiesh water quality in coastal areas, underground waste injection is usually allowed 
near the coast The UIC Line generally parallels the shoreline and, in most areas, is within 1/4 to 2 miles 
of the shoreline. Occasionally, the UIC Line mil penetrate inland to engulf interior island regions which 
have only poor quality aquifer resources. Although provisions are in place to request approval for 
uruierground inject outside the approved UTC zones, such a request for an industrial well would almost 
certainly be denied. 

Underground injection wells must operate in compliance with state regulations. If the waste constituents 
are not consistent with state requirements, a neutralization basin or some other means of compUance 
would be necessitated. If a site was in an area where underground injection was prohibited, a pipeline 
could be installed to carry the waste stream to an injection well on the appropriate side of the U1(̂  line. 
Easement and trenching costs would mount quickly. If a site were too far away from the UIC line to make 
a pipeline feasible, a lined evaporation pond may be the only altemative available for wastewater disposal. 
Evaporation ponds, however, are not well suited to conditions in Hawaii. Due to the relatively mild 
temperatures and high humidity, an evaporation pond in Hawaii would be much, much larger than its 
counterpart in the Mojave Desert A SEGS plant at such a site would likely utilize dry cooling to 
minimize the amount of wastewater disposed. 

Coastal sites present the opportunity for the thermodynamically attractive option of utilizing ocean water 
for condenser cooling. Several of the major electric power plants in Hawaii take advantage of this option. 
Increasing environmental concern over the impacts of ocean out&lls have made this practice more 
difficult to permit The permit required for an ocean outfall is the National Pollution Discharge 
Elimination System (NPDES). which is issued by tiie DOH. Clean Water Branch. 

Ocean waters in Hawaii are classified as either Class AA protected waters or Class A open waters. SEGS 
plants at sites along Class A waters would be allowed to construct an ocean outfall if able to satisfy the 
state's strict water quality requirements. The DOH sets allowable trace concentration limits for chemicals 
in the discharge stream and defines the maximum allowable temperature rise, discharge compared to 
ambient, of one degree Celsius (l°C). If a higher thermal gain is desired, a Zone of Mixing approval is 
required to comply with the NPDES. The Zone of Mixing is a limited area around the outfall where the 
discharge concentration levels are allowed to exceed the state standards. In order to obtain Zone of 
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Mixing approval, the applicant generally must implement control techniques (such as a holding pond) and 
perform an EIS. 

Hazardous Waste Activity 

Hazardous waste activity in Hawaii is penrutted by the EPA. By the end of 1991, the DOH, SoUd and 
Hazardous Waste Branch is expeaed to have permitting primacy for hazardous waste activity. The most 
probable pemut which could be required of a SEGS plant is a hazardous waste storage permit from the 
Hazardous Waste Treatment, Storage, and Disposal (TSD) pemut group. SEGS components which are 
classified as hazardous are certain cherrucals used for water treatment and corrosion prevention. The 
syntiietic heat transfer fiuid (HTF) used in current SEGS designs would not be classified as hazardous in 
Hawaii. Contaminated soil from HTF spills and leaks would only be regarded as hazardous if any 
characteristic constituent exceeded federal limits. It is noted that there are no hazardous waste treatment 
facilities in the state of Hawaii. Contanunated materials would have to be neutralized on site (requiring a 
treatment TSD permit) or shipped back to the mainland for proper disposal. Regardless of whether or not 
a SEGS project would require TSD permits, the power plant should secure an EPA hazardous waste 
getierator number as a contingency. 

Other responsibilities of the DOH. Solid and Hazardous Waste Branch are the permitting of soUd waste 
disposal and the administration of the Underground Storage Tank (UST) program. There is a critical 
shortage of landfill space in Hawaii. Disposal of wastes generated during construction and operation 
could be unexpectedly difficult. California SEGS sites require UST pemuts for tanks designed to contain 
spills from HTF expansion vessels. In Hawaii. UST permits m ^ also be necessary. 

Department of Land and Natural Resources 

The State of Hawaii's Department of Land and Natural Resources (DLNR) is charged with the task of 
managing and preserving the land and water resources of the state. The DLNR administers numerous 
pemiits pertaining to state-owned lands and state protected areas. Actions affecting any surface or 
underground water source in the state would also require the permission of the DLNR. The following 
section highlights permits which may be required by the DLNR for SEGS projects in Hawaii. 

All water well activity, whether for supply or disposal, would require a Well Drilling or Modification 
Permit If in an area designated as a Groundwater Control Area, the well permit process would require a 
public hearing. DLNR approval of GCA wells would be discretionary. If a SEGS design dictated tiie 
need for a reservoir. DLNR would have to grant Dams and Reservoirs Coostniction Approval. 

Numerous prospective SEGS sites include state-owncd tracts. Due to the high real estate values in 
Hawaii, leasing state-owned tracts is considered a favorable option for securing the land needs of a SEGS 
power plant The use of any state lands would require the approval of DLNR through the issue of an 
Easement for Use of State Lands. If a SEGS project impacts state protected areas, certain other DLNR 
pemtits could be applicable. These permits—which would not likely be necessary unless required for 
electric transmission line corridors—include the Forest Reserve Special Permit. Entrance to Wildlife 
Sanctuary Permit, and Permit to Enter a Closed Watershed. In areas where development may impaa a 
listed historic site, a Historic Site Review would have to be submitted to the DLNR Historic Preservation 
Divisioa A Stream Alteration Permit would be required if any aspea of a SEGS projea were to affea a 
pereniual or intermittent stream. Routing a power line across an intermittent stream is sufficient action to 
necessitate the Stream Alteration Permit. If an underwater cable landing is construaed. a DLNR Ocean 
Waters Construction Permit would be required. 

Other State Permits 

The State Public Utilities Commission (PUC) regulations pertaining to above ground electric transmission 
lines may be applicable if transmission additions are required in conjunction with a SEGS project While 
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the autiiority of tiie PUC is limited to publicly-owned utilities, (Qualifying Facilities (QF) which enter into 
purchase power agreements with public utilities must also adhere to certain PUC rules. Typically, power 
lines additions required for a purchase power agreement are constructed by the utility, while the costs are 
borne by the QF. For such a case, all desired exemptions to existing PUC regulations would require 
formal PUC approval. If any transmission line is to be located within a State highway right-of-way, a 
Permit to Constnia Within a State Highway would have to be obtained from the State Department of 
Transportation, Highways Division. 

Federal Permits 

In addition to the involvement of the U.S. Environmental Protection Agency described above, several 
other federal entities could have permitting responsibilities for SEGS power plants in Hawaii. The U.S. 
Fish and Wildlife Service (USFWS) oversees compliance with the Endangered Species Aa. The 
Hawaiian Islands' unique collection of plant and animal life includes a vast number of rare, endemic 
species—many of which are listed, or are soon to be listed, as endangered. Consequentiy, prospective 
SEGS sites in Hawaii may require an Endangered Species Review by the U.S. Fish and Wildlife Service. 

The U.S. Army Corps of Engineers' Section 404 permit is required for any activity involving dredging or 
excavation which affects waters of the United States. Any SEGS projea in which the site is graded into 
level terraces, thereby altering the natural drainage of the site, would require a Section 404 permit. 

If an underwater electric transmission cable were to be installed in conjunction with a SEGS power 
plant—a likely scenario for SEGS sites on Molokai—several federal permits could be required. For the 
construction of underwater cable landing facilities, the U.S. Army Corps of Engineers' Section 9 and 10 
permits for work in navigable waters, as well as a Section 103 permit to dispose of dredged material, may 
be applicable. The Department of Transportation-US. Coast Guard would require notification of laying 
operations for a submer^ cable. Additional approvals for an underwater electric transmission cable 
would likely be needed firom the National Marine Fisheries Servioe, the U.S. Fish and Wildlife Service, 
and the U.S. Navy. 

A few potential sites in Hawaii could involve lands owned by branches of the U.S. military services. The 
U.S Depaitment of Defense would review SEGS projects on or adjacent to their facilities to ensure tiiat 
there would be no interference with military operations. Other agencies which could be involved under 
certain circumstances are the Federal Aviation Administration (if within an air interference zone), the 
Council of Environmental Quality (if federal EIS), and the National Park Service (if PSD required for a 
site within the 100 kilometer zone of influence of a National Park). 

County Permits 

Hawaiian Counties have jurisdiction over certain land use pemuts as previously described under the land 
use section of this report Additionally, tiie counties are responsible for permits pertaining to the actual 
construction of a projea. County required construction permits are issued by tiie Department of Public 
Works and include Grading, Gmbbing. Excavation, Stockpiling, Building, Electrical, and Plumbing 
Permits. While the counties' construction permits are procedural in nature, it is prudent to notify the 
Department of Public Works of planned activity early during a project This often is done during the 
County Planning Department's review process for a land use permit. 

Current application fees for major State permits range in the hundreds of dollars. On the other hand, 
county construction permit fees based on the value of construction can be significant. For instance, the 
Maui County Department of Public Works charges approximately one quarter of one percent (0.25%) of 
the proposed construction value for a building pemut fee and plan check fee. On a S40,000,000 
construction project, total building permit fees would amount to about $100,000. Additional fees would 
be required for all other applicable county pemuts as well. 

Kearney St Associates SEGS Assessment — State of Hawaii 
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Preliminary Cost Estimates 

PreUminary cost estimates for various permitting actions are offered in Table IV-4. These values are 
rough estimates for a typical 200 MW SEGS power plant based on the permitting experience of Luz in 
California. The permitting costs should not vary greatiy for a smaller projea. 

The cost estimates assume that if botii NEPA EIS and State EIS are required, only one (I) document will 
be necessary. Furthermore, the estimates do not include permit fees or mitigation costs resulting from 
permit conditions 

Table IV-4. Preliminary Permitting Cost Estimates. 

FEDERAL 
Environmental Protection Agency 
Army Corps of Engineers 
EIS / Fish and Wildlife Service 

STATE 
State Mnd Use 
Department of Healtii 
Otiier State 

COUNTY 
Plaiming 
Public Worics 

100,000 
50,000 
300,000 

50.000 
100,000 
50.000 

40,000 
100.000 

Summmary of Possible Permits 

The following list includes numerous permitting agencies which may require permits or approvals for 
SEGS projects in Hawaii. Potential applicability to a SEGS projea is desoibed parenthetically. This is 
not a comprehensive listing, but it should include the agencies requiring major permits for a typical SEGS 
projea in Hawaii. 

FEDERAL 

Environmeotal Protection Agency 
Hazardous Waste Generator 
Hazardous Waste Treatment, Storage, and Disposal (TSD) Permits 
Prevention of Significant Deterioration (PSD) 
NEPA Environmental Impaa Statement (BIS) 

U.S, Army Corps of Engineers 
Section 404 Perrrut (potential alteration of drainage) 
Section 9 and Section 10 Permits (constmction affecting navigable waters) 
Section 103 Permit (dumping dredged material) 

U.S. Fish St Wildlife Service 
Endangered Species Review 

National Marine Fisheries Service 
dean Water Aa Review 
Marine Mammal Protection Aa Exemption 
Endangered Species Aa Consultation 

Kearney St Associates SEGS Assessment — State of Hawaii 



^ ^ S ^ f e ^ a f u i i t i o n and Selection Page IV-41 

Council of Environmental Oualltv 
National Environmental Policy Act (NEPA) Compliance: Environmental Impaa 

Statement 

National Park Service 
f, Prevention of Significant Deterioration (if within 100 km of a National Park) 

Department of the Navy 
Notification of Surface and Subsurface Plans 

Department of Transportation - U.S. Coast Guard 
Notice of Submerged Cable 
Notification of Cable Laying Operations 

Federal Aviation Administration 
Notice of Proposed (Construction (if within air interference zone) 

Federal Highway Administrati'on 
Approval for work to be performed on a Federal Highway (if road repairs 
performed in conjunction with projea) 

STATE OF HAWAH 

State Land Use Commission 
Special Permit (required for development/use of Agricultural and Rural Distria 
lands when projea site is greater than 15 acres) 
Distria Boundary Amendment 

Department of Land and Natural Resources 
Conservation Distria Use Permit 
Easement for Use of State Lands 
Well Drilling or Modification Permit 
Permit to Withdrawal/Supply Water witiun Groundwater (Control Area 
Stream Channel Alteration Permit 
Historic Sites Review (if in listed historic area) 
Forest Reserve Special Permit (if traverse State Forests) 
Entrance to Wildlife Sanctuary Permit 
Permit to Enter a Closed Watershed 
Ocean Waters Construction Permit 
Dams and Reservoir Construction Approval 

Department of Health 
Autiiority to Constnia (ATC) 
Prevention of Significant Deterioration (PSD) 
Permit to Operate (PTO) 
Underground Injection C^ontrol (UIC) Permit 
Underground Storage Tank (UST) Permit 
Hazardous Waste Treatment. Storage, and Disposal (TSD) Permits 
SARA, Titic m Reporting Requirements 
Community Noise Permit for Construction Activities 
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Public Utility Commiaaion 
Approval for Electric Transmission Line in a Residential Area 
(for above ground electric transnussion lines 46 kV or higher) 
Exemption from (jeneral Order No. 6 requirements relating to conflicting lines 
(if transmission lines intersect or could otherwise physically contaa if overturned) 
General Order No. 7 Authorization (necessary if capital cost is over $500,000) f-̂  

Department of Transportation^ Highway Division 
Overload and Oerweight Approvals 
Permit to Constnia witiiin a State Highway (if transmission line routing is along 

state highway right-of-way) 

Department of Labor and Industrial Relations 
Pressure Vessels/Boilers Permits 

Environmental Quality Commission St Office of Environmental Duality Control 
Environmental Impaa Statement 

Office of State Planning 
Cloastal Zone Management (CZM) Program Consistency 

COUNTY 

DcDartroent of Planning 
Special Permit (projea less than 15 acres on Agricultural or Rural Distria Lands) 
Special Management Areas (SMA) Use Pemuts (under CZM program) 
Shoreline Setback Variance (SSV) (transmission located within 40' of shoreline) 
Subdivision of Land Pemut 

Department of Public Works 
Grading, Grubbing. Excavation, Stockpiling Permits 
Building, Electrical, Plumbing Permits 
Permit to Constnia Within a County Roadway 
County Roadway Use/Modification Permit 
Driveway Construction 

Other County Permits 
Zoning Waiver (Height Variance) 
Outdoor Lighting 
Sign Permits 
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Attachmeot 5 

O&M - Fiieti Cost 

Per collector 
Time: 2 minutes 
Water requirement: 2 gallons 
200 minutes (3.5 hours) and 100 gallons per 100 collectors 

Tier 1 (based on 90 collectors) 
Labor=3 hours or $45 per cleaning cycle ($135/year) *ratel5/hour 
Waters $9 per cleaning cycle ($27/year) •$.046/gallon 
Aimual cost=$162 

Tier 2 (based on 1000 colleciors) 
Labor = Assume full time staff carries out the cleaning 
Water = $46 per cleaning cycle ($138) 
Full time plant operator = $35K 

Power block maintenance is 7,500 Euro or $10,569 for 500 kW unit (see attached). Tier 1 (20 
kW) system is $422.76 per year. 

Oi&M • Escalator 

Escalator 

Using the Consumer Price Index as a basis, the change in index points since 1999 is 55 points 
representing a 31% change or 3% per year. 

Year 

1999 

2000 

2 0 0 1 

2 0 0 2 

2 0 0 3 

2004 

2005^ 

2006 

2007 

:Jan Feb Mar Apr May 'Jun 'Aug Sep Oct Nov Dec 

173.3 

176.3 

178.4 

180.3 

184.5 

190.6 

197.8 

209.4 

219.504 

172.7 

175.9 

178.1 

180.1 

HALF2H 

173.81 

189.2 

195.0 

206.4 

216.620 

176.7 

178.71 

180.4 j 

183.2 185.7 

191.9 

200.6 

212.3! 

222.388 
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^Year Jan Feb Ma^ Juri Jul Aug 
H i - - - " • 

Sep: Oct Nov Dec ^Annual HAliFl :HALF2'': 

2008 228.861 227.334 230.387 

2009 228.070 

Reference: Bureau of Labor Statistics fhttD://www.bls.aov/^ 
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Attachment 5 

dnn sntiBT Aoat 

TURBDDEN 

Turboden S.r.L - via Cemala, 10,25124 Brascia - Italy 
C.F1SC. 04745780157 - P.IVA. 03591940170 
teL 4-39 030 3552001 - fai. +39 030 3552011 
email: injo t̂urbodenJt - wab: www.lurboiten.it 

Ooc.; 09404610 Date: 23f04f2009 

Price list for ttie atlditionai services for Turboden OftC units 

Standard maintenance (MS) 

Full maintenance (MS+MP) 

Optiturbo (OT) during guaranteed period 

Optiturbo (OT) after guaranteed period 

Optiturbo plus {0T+) after guaranteed period 

TURBODEN 6 

7.500 € 

15.000 € 

20.500 6 

28.000 € 

35.500 € 

TURBODEN 14 

7.500 € 

15.000 € 

25.500 € 

33.000 € 

40.500 € 

TURBODEN 22 

7.500 € 

15.000 € 

31.500 € 

39.000 € 

46.500 € 

The description of the guarantee and the additional services for the Turboden ORC unit listed in the table 
above is reported in the doc. 04C0015A. 
The price list reported previously are valid assuming that the ORC unit will be installed in a site located in 
Europe. 

http://www.lurboiten.it




Attachment 6 
Select Agricultural I j n d Comparablos 

WAIANAE AGRICULTURAL LAND SALES COMPARABLE! 

ii-a-5-j-37 

ll-S-S-iq-BO 

i-s-7-i';^ 
i-a-7i:-7 
. , • - t • • • 

B5-1512 

85-576 

87-1610 

Strert li.C*-';.,"' ' -.- .-. •" 

WAIANAE VALLEY RD 

WAIANAE VALLEY RD 

PAAKEARD 

KUUALOHA RD 

" • • • • - . " ' : ' . ' ' ' • - • : . ' " • • • • • ' > • , 

rout bit£ffv t- '..'•' 
. A n d ' '< LwiriArw ' . Tmw* • ' 

0 44.A31| Fta Simple 

ol 7 0 . m j F M Stmpla 

AG-2 

AG.2 

2.52C 136.03^ F « Simple AG-2 

2,666 419 909 F M Simpl* AG-2 

; U t b t f B > 

2/5/2008 

4/29QO0B 

;v2^DDa 
12MR008 

O M O 

Dead 

Deed 

Deed 

"•';;-•• ' ; " $ i p r i t t 

S206 0 a 

»234 0 a 

1480 o n 

S870.OOC 

WAIALUA AGRICULTURAL LAND SALES COMPARABLE.' 

^ p ^ - - -

z . ; ^ - : 
..InttniniHit 

. . S M M c t 

l i U i i 68-a29 UAHINAAI ST )/i2/ioai O M O S l . 150,000 

l-6-l-»4 POHAKU LOA WAY 7/2s/ma $850,000 

l i - l - S - ; 3 114, SimpW 4 / I ( V I M 9 S47S,0aD 

i -6-» ' i - *a FAHRINGTON HWY 17T,63q FMSlniBl* 
1.140̂  

7ns/:oo9 $1,350,000 

i ' 6 - B - ; 7 - i i 2B3 F«« 5imBl« B/7/3009 $950,000 

l° -6-Z3l3 FARRINCTOh HWY lOS.SSlJ favSimpla 8/16/2009 S525.00Q 

1-6-6-JB-T FARRINGTON HWY 266.021 f a t Simp la i^G-1 9/10/2009 $1,000,000 

} -6-S- i -2 i XAUKONAHUA HD 415,562 F**5Jmpi> AC-1 10/9/J009 5G31,D0C 

1-6-8-3-3 FARHINGTON HWY 179,9031 F*« S lmof AS- I 12/10/1009 $1,100,000 

•'mm 
1. •• . \ i ' .»; 

. ' ^ ? i 
^r .̂ AVEIUGE mCE n i l S a FT: ̂  

;^-*; . • ^ • • i ' r •' FmCE FUNGC PSF: -. 

• i S M 

KUNIA AGRICULTURAL LAND SALES COMPARABLE! 

iTufcey- Numlwr j 

t:,-.-T.'?^rv-

U a D a t t > 

itmrvnttnt. 

l i i i±J H U N E K A I ST Fee Simple AG-2 9/30/2009 Dead 5i i . i72.as: 

1-9-2-3-29 92-1600 MAKAKILO DR 10.29 452.153 Fee Simple AG.2 

U-9-M-85 FARRINGTON HWV 37.374 Fee Simple AG-2 
1-9-2-3-9Q 179.162 Fee S'mpie 

19-2-f91 34.682.473 Fee Simple 

l - 9 - i - i - 9 i i^^ Fee Simple 

35 431,C 

I.S36| ' 1-9-ZJ-32 MAKAKILO OR 7.a25.962j Fee Simple 

37.970.42^ Fee Simple 
AG-2 10/9/2009 Deed 110.000.000 

L 2 : : j j a 
113.84 aj 

9/30/2000 Deed $3,827,137 

h.9.j.i-2i 5.ia7.3aa Fee Simple 11/17/2009 Deed U.500.00C 

• ' • ' i ' . 

• ; - • • . / | ^ , . • , 

* AVERAGE PnCEPOtsa FT;'T , ...g„-^5*«uj 
'iuiTotaT* 

Source : Hawai i I n r o r m i t i o n Sarv ice. Co l l ie re Mon roe Fnad lande f , Inc. 1/21/2010 

http://5ii.i72.as




Attachment 6 
Selected West Oahu Industrial Estimated Histohcal Land Value Ranges 

Campbell Estimated Industrial Land Values 
$ Price/SF 

$40.00 

$35.00 

$25.00 

$20 00 

$15.00 

S10 00 

•Low •High $35.00 

$5.00 4 
2002 2003 20O4 2005 2006 

(3 2009 Colliers Monroe Friedlander, Inc. All rights reserved 

2007 2008 2009 

Kapolei Estimated Industrial Land Values 

S40.00 

$35 00 

$30.00 

$20.00 

• Low " ^ ^ H i g h $40.00 

X • 
J 0 ^ 

^ ^ • ^ 
* 

/ / 

. . y/ 
• 7 7 

2002 2003 2004 2005 2006 2007 2008 2009 

® 2009 Colliers Monroe Friedlander, Inc. All rights reserved 

(c) 2009 Colliers Monroe Friedlander, Inc. All rights reserved 1/21^2010 





Attachment 7 

REAL PROPERTY TAX RATES In HAWAII 

FISCAL YEAR JULY 1, 2008 To JUNE 30, 2009 

l ^$ i70OOpet 
TaxaMeProperty 

;\County "* 

HONOLULU 1 Residential 
3 Commercial 
4 Industrial 
5 Agricultural 
6 Preservation 
7 Hotel and Resort 
9 Public Service 
0 Vacant Agricultural 

3.29 
12.40 
12.40 
5.70 
5.70 

12.40 
0.00 
8.50 

TanliiefBuiliSlna 

MAUI 1 Improved Residential 
2 Apartment 
3 Commercial 
4 Industrial 
5 Agricultural 
6 Conservation 
7 Hotel and Resort 
8 Unimproved Residential 
9 Homeowner 
0 Time Share 

$ 4.85 
4.55 
6.25 
6.50 
4.50 
4.75 
8.20 
5.35 
2.00 

14.00 

4.85 
4.55 
6.25 
6.50 
4.50 
4.75 
8.20 
5.35 
2.00 

14.00 

HAWAI I 1 Residential 
2 Apartment 
3 Commercial 
4 Industrial 
5 Agricultural or Native Forests 
6 Conservation 
7 Hotel and Resort: 
9 Homeowner 
0 Affordable Rental Housing 

7.10 
8.10 
9.00 
9.00 
6.35 
8.55 
9.00 
5.55 
5.55 

8.10 
8.10 
9.00 
9.00 
8.35 
8.55 
9.00 
5.55 
5.55 

KAUAI 1 Single Family Residential 
2 Apartment 
3 Commercial 
4 Industrial 
5 Agricultural 
6 Conservation 
7 Hotel and Resort 
8 Homestead 

4.25 
7.90 
7.90 
7.90 
4.25 
4.25 
7.90 
3.44 

3.95 
6.90 
6.90 
6.90 
6.90 
6.90 
6.90 
4.00 

Administration / Technical Branch 
Real Property Assessment Division 
Department of Budget and Fiscal Sen/ices 
City and County of Honolulu 
July 29, 2008 

Single (one) rate for each class 




